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PNEUMATICS. 



1. OuB knowledge of the atmosphere, as revealed to us 
by the united aid of Chemistry and Pneimiatics, is one of 
the greatest triumphs of modem science. It was not omtil 
the dose of the last century that air was removed from the 
Ust of ancient elements, and was proved to consist of two 
gases of essentially different chemical properties Its physical 
properties were discovered earlier; but our present extensive 
knowledge of the atmosphere, considered chemically, physi- 
cally, and meteorologically, is chiefly the fruit of modem 
investigation, the result of improved instrumental aid and 
methods of researcL And it is natural to suppose that the 
working parts of so vast and complicated a machine as the 
atmosphere, which can be scarcely said to appeal to any one 
of our senses, should remain much longer unknown than the 
properties of solids and liquidsf, which are so miich more 
obvious. Even the heavenly bodies, although appealing to 
only one of the senses,' and removed from us by vast dis- 
tances, are calculated by their beauty and the regularity of 
tbeir motions, to attract attention, much more than an in- 
visible attendant, which, although constantly present with 
ns, performs most of its varied offices in silence and in 
secret. 

2. The atmosphere, or sphere of gases (arfioi), is the general 
name applied to the whole gaseous portion of this planet ; as 
the term ocecm is applied to its liquid, and kmd to its solid 
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HEIGHT OF THE ATHOSFHEREL 



poTtion& Being much lighter than either land or water, it 
necessarily floats or rests upon them ; but, unlike the ocean, 
which is confined to the depressicnis of the solid fsar&ce, and 
covers only about three-fourths of it, the atmosphere is in 
sufficient quanlitj to cover the highest mountains, and to 
rise to nine or ten times their height above the searlevel, so 
as to form a layer over the whole surface, averaging probably 
between f<»rty.and fifty miles in thickness; which is about as 
thick in proportion to the globe as the liquid layer adhering 
to an orange after it has been dipped in water. The accom- 
panying figure will convey an idea of the proportion which 
the highest mountains bear to the curvature of the earth and 
the thickness of the atmoephere. The concentric lines divide 
the atmosphere into six layers, containing equal quantities of 
air, showing the great compression of the lower layers by the 
weight of those above them. 



Kg. 1. 

Suppoied height of the atmotphert. 
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3. The atmosphere oonassts essentially of two gases^ called 
oxygen and nitrogeri. In its pure state oxygen is remarkable 
for the energy with which it promotes combustion, respi- 
ration, and other chemical changes. An iron or steel wire, 
heated to redness at one extremity, and plunged into a vessel 
full of this gas, will take fire and bum brilliantly. If an 
animal be placed in pure oxygen, its pulses wiU throb with 
increased rapidity, and it will die from excess of vital action. 
The properties of nitrogen, on the contrary, appear to be of 
a negative character. It supports neither combustion nor 
respirationi and on the latter account it was formerly called 
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azote.* It does not appear, however, to have any poisonous 
properties, like some other gases ; an animal cannot live in 
it, simply from the ahsence of oxygen, not because nitrogen 
is in itself prejudicial : on the contrary, its uses in the at- 
mosphere appear to be simply those of a dilutent ; it subdues 
and modifies the activity of the oxygen, and for this ptupose, 
exists in much greater abundance. Every atom or particle 
of oxygen is accompanied by four atoms or particles of 
nitrogen ; that is, if any measure or volume of air be sepa- 
rated or decomposed into its component parts, the nitrogen 
will occupy four times as much space as the oxygen. It is, 
however, an important property of gases to mingle, or be- 
come diffused, together so intimately, that, although oxygen 
is somewhat heavier than nitrogen, these two gases always 
exist in the atmosphere in a state of mechanical mixture, in 
the proportion of 1 to 4, and this without any regard to the 
localities from which samples of the air may be taken. In 
the crowded courts of our metropolis, as well as in the breezy 
downs of the country, in the arid deserts of Arabia^ in the 
open ocean, in the polar regions, at heights accessible only to 
the balloon, in the fever hospital, and in the flower garden, 
the proportion of these two essenlial ingredients of the at- 
mosphere remains constantly the same. 

And this feet will appear the more wonderful, when we 
consider the innumerable sources of vitiation tending to de- 
stroy the uaefrd properties of the oxygen, by depriving it of 
its powers to support life and combustion. Indeed, these two 
very actions are the chief means of vitiating it, for during 
the combustion of our lamps, and candles, and fuel, and 
during the respiration of animals, a quantity of carbon is 
liberated, every six parts of which, by weight, imite with 
16 parts by weight (or about 3,600 times their own bulk) 
of oxygen, to form a compound gas called cwrhonic acid, 
which resembles nitrogen, in not supporting animal lif^ 
or combustion ; but dilSers from it in being soluble in 

* From a Ja>»j, privative of life. 



4 CARBONIC ACID, AQUEOUS VAPOUB, ETC., 

water, haying an acid reaction, and some other characteristic 
properties, which readily distinguish it from that inert ele- 
ment. Carbonic acid is always present in the atmosphere in 
small but varying quantities; and it is because the quantity 
is liable to change that this gas is not reckoned as one of the 
essential constituents of the atmosphere. In 10,000 volumes 
or measures of atmospheric air the mean proportion of car- 
bonic add is only five volumes; the proportion, however, is 
subject to constant variation, from 6-2 as a maximum to 3 '7 
as a minimum. Near the surface of the earth the proportion 
of carbonic acid is greater in summer than in winter, and 
during night than during day. It is also rather more abun- 
dant in elevated situations, as on the summits of high moun- 
tains, than in the plains ; and although this gas is consider- 
ably heavier than its own bulk of pure atmospheric air (its 
specific gravity being about 1*52), yet it appears to be dif- 
fused through the whole mass. 

When we consider that the innumerable animals which 
inhabit both the land and the water all depend more or leas 
upon oxygen for their very existence ; that combustion of 
various kinds, as carried on in our daily operations ; that fer- 
mentation and other processes all (xmav/ine immense quan* 
titles of oxygen, i. e. convert it into steam and carbonic add, 
chiefly the latter, it does indeed appear wonderful that the 
quantity of carbonic acid in the atmosphere should be so 
small. By a beautiful arrangement, however, the carbonic 
acid thus formed is made to be the food of the vegetable 
world. The green parts of plants, under the influence of 
light, absorb carbonic add, retain and assimilate the carbon, 
and restore the pure oxygen to the air. I>uring the night, 
however, plants absorb oxygen and give out carbonic add ; 
but in the course of the twenty-four hours they give out con- 
siderably more oxygen than they consume, and in this way 
a compensation is made for the loss of oiiiygen occasioned by 
respiration and combustion. 

The atmosphere also contains a variable quantity of 
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aqueous vapour, arising partly from combustion as above 
mentioned, but chiefly from contact with the surface of the 
sea, lakes, rivers, and moist soil. In 100 parts by weight of 
atmospheric air the mean quantity of watery vapour is 
nearly one part and a half. The amount, however, varies 
according to the temperature. At 50® (the mean temperature 
of England) the air can contain x^oth of its weight of water 
in an invisible state, without forming cloud, mist, or rain. It 
does not always contain so much, but the quantity cannot 
exceed this, without a portion being precipitated in a visible 
form. At a higher temperature, however, more vapour 
could remain invisible ; thus at 82° (the mean temperature 
of the equator) the air may contain as much as -j^rd of its 
weight of invisible steam ; and air that contained only y^th 
would be injuriously drt/y though the same air cooled down 
to 5(P would be at its maximum of humidity. 

There are other accidental ingredients in the atmosphere 
which are too numerous and in too small quantity to take 
accQimt of As the sea contains a little of everything that 
is soluble in water, so the atmosphere contains a little of 
everything capable of existing in the gaseous form at com* 
mon temperatures. Ammonia^ which is a compound of 
hydrogen and nitrogen, is present in the atmosphere, and is 
supposed to be the source of nitrogen in plants ; while in 
crowded cities, and in the neighbourhood of gas-works, 
smelting-fumaces, sewers, stagnant pools, sulphur springs, dsc, 
there is much local contamination of the air from the pre- 
sence of different gases. Yarious forms of infection, malaria, 
and marsh-miasma probably arise from the presence of 
noxious gases in the air.* 

4. This invisible compound fluid, the atmosphere, possesses 
many of the properties of «olid matter, and also many that 
are peculiar to fluids. In a former treatise the chief proper- 
ties by which solids are distinguished from fluids were 

* The chemical history of the atmosphere is given more ftilly in the 
author's Rudimentary Treatise on Warming and VentilatioB. 
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6 IHPENETRABILITT AND WEIGHT 

pointed out ; but it is now necessary to conaicler these 
and other properties more fully with reference to the 
atmosphere. 

In common with matter in every state, the air possesses 
impen^rabiLity, It is obvious to the senses, as far as regards 
solids and liquids, that no two bodies can occupy the same 
place at the same time ; in order that one body should 
occupy the place of another, it is obviously necessary that 
the second should move away or be displaced ; but the evi- 
dence of the senses fails us in the case of air. K we step 
into a bath completely full of water, a portion will overflow 
precisely equal in bulk to that part of the body which is 
submerged ; the same thing takes place in an empty bath as 
it is called, or a bath full of invisible air, and hence called 
empty. When a person enters a room, a quantity of air 
precisely equal to his own bulk is displaced, and escapes by 
the door, or window, or other opening. But the proof of 
the impenetrability of air may be made more obvious by the 
following experiment : — Plunge an inverted goblet into a 
vessel of water, keeping its edge horizontal, and it will be 
found that, to whatever depth we plimge the goblet, the 
water will not fill it entirely. The air will be oompre^aed 
into a smaller space, but not annihilated or displaced. At a 
depth of 34 feet below the surface of the water, the vessel 
containing the air will be half filled with water ; at 100 
feet it will be three-quarters filled ; at 1,000 feet it will be 
filled to within a thirtieth ; but even this small remaining 
space contains aU the air which previously filled the vessel, 
and in drawing it up again to the sur£EU» the air will expand 
to its original bulk and drive out all the water. In &ct^ we 
can only get rid of the air by iridimng the vessel, when so 
much of the air as is below thq level of the highest part of 
its mouth will rise in bubbles through the water and escape ; 
and in this way aU the air must be deeanied or poured vp 
before the vessel will be filled with water. 

5. The impenetralnUiy of air is alone sufficient to prove it 
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to be a material body, and, though formerly supposed to be 
without weighty it is now well known to possess this pro- 
perty in common witii matter in all other known states; 
that is, it obeys the attractive influence of the earth and 
gravitates towards its centre. The prpof that air has weight 
will be abundantly shown hereafter, when we come to speak 
of the barometer ; but for our present purpose the following 
experiment will suffice : — ^A copper flask of the capacity of 
100 cubic inches, furnished with a stop-cock, is fixed to one 
extremity of the ann of a balance, and accurately counter- 
poised by weights in the opposite scale. An exhausting 
syringe (an instrament to be described hereafter, 10) is then 
screwed upon the neck of the flask with the stop-cock open, 
and by working the syringe nearly the whole of the air 
can be pumped out of the flask. On closing the stop-cock, 
to prevent the admission of the air, and detaching the flask 
from the sjrringe, it is again weighed, and is found to have 
lost about 31 grains ; or, in other words, 100 cubic inches of 
air weigh about 31 grains. On opening the stop- cock, the 
air will be heard to rush in, and the equilibrium of the 
balance will be restored as before. 

If, instead of screwing the copper flask to an exhausting 
syringe we screw it to a coTidensin^ syringe, we can force or 
condense a quantity of air into the flask, in addition to what 
it naturally holds. After a few strokes of the condensing 
syringe the stop-cock of the flask is closed, to prevent the 
additional air from rushing out ; the flask is then detached, 
and hung to the arm of the balance. The flask is no longer 
counterpoised, but will require additional weights in the 
opposite scale-pan to restore it to equilibrium. If we again 
apply the condensing syringe to the flask, it will be found 
that every additional stroke of the syringe will require 
additional weights in the scale-pan to restore equilibrium, 
on accoimt of the additional quantities of air forced into 
the flask. 

6. Here, then, is a very clear proof that air has weight, 
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and, in common ^th all heavy matter, air also possesses 
inertia, that is, it cannot be set in motion without the com- 
munication of some force ; and, when m motion, it cannot be 
retarded or brought to rest without the opposition of force. 
Its inertia (like that of all other bodies) is also exactly pro- 
portional to its toeight ; and, as we have seen the latter to 
be very smaU compared with its bulk, a very small amount 
of force is sufficient to impart motion to a large bulk of air ; 
it obeys the laws of motion common to ponderable bodies, 
and its momenhMn, or amount of force which it is capable of 
exerting upon bodies opposed to it, is estimated in the same 
way as for solids, namely, by multiplying its weight by its 
Telocity. The momentum of air may be illustrated by the 
following experiment : — Place three lighted tapers in a row 
at the distance of three inches apart ; then direct an un- 
loaded gun towards the centre taper at the distance of ten 
feet, and set in motion the small volume of air contained in 
the barrel, by discharging the percussion cap on the nipple, 
the flame of the centre taper will be blown out, without in 
the least degree disturbing the other two. Another excel- 
lent illustration of the momentum of air, 'and the fitcility 
with which a rotatory movement may be communicated to 
it, is derived from the phenomena of smoke or steam which 
render the motions of the air visible. When bubbles of 
phosphuretted hydrogen burst in a still atmosphere, each 
one, as it bursts, produces a beautiful 
ring of smoke, expanding larger and J^y* 2. 

larger as it ascends. The whole cir- 
cumference of each circle is in a state 
of rapid rotation, as shown by the 
arrows in Fig. 2 ; it being this rota- 
tion, in fact, which confines the smoke 
within its narrow limits, and causes 
the circles to be so well defined. The 
same phenomena may often be observed 
in the first puff from the chimney of a 
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manu&ctory or of a steam-boat, and also from the mouth 
of a skilful tobacco-smoker. In the firing of ordnance on 
a still day, these rings may be seen on a grand scale, and 
still more perfectly if the mouth of the cannon be greased 
and no shot employed. In £act, any force acting suddenly 
upon the air from a centre imparts to it a rotatory motion. 

The momentum of air is usefully employed as a mechanical 
force in ixnp«rtii,g motion to wfndn^ls and sHps; but it 
occasionally exerts itself with fearful effect in those strong 
winds or hurricanes which sometimes occur in the West 
India islands, where trees are torn up by the roots, buildings 
levelled to the ground, and where the sea is driven with irre- 
sistible fury over the desolated country. Such awful calamities 
are caused by the momentum of the air being greater than 
the force by which a tree clasps the earth or a building its 
foundation. 

7. Another consequence of the weight of air is its pres- 
mire. We have already seen that 100 cubic inches of air 
weigh about 31 grains. It is necessary, however, in order 
to obtain this result, that the experiment be performed at 
the level of the sea : it is further necessary that at^ the time 
of the experiment the barometer should stand at 30 inches 
and the thermometer at 60^. But, disregarding for the 
present these two last conditions, let us note the change 
arising from difference of level only. At the level of the 
sea the 100 cubic inches of air contained in the flask would 
weigh say 31 grains. On taking this flask to the top of a 
mountain 20,000 feet high, the 100 cubic inches will have 
expanded to 200 : so that, - if the flask be made of some 
elastic material, it will have expanded to twice its former 
size ; or, if the copper flask full of air have its stop-cock 
closed at the level of the sea, and opened at an elevation 
of 20,000 feet, exactly 100 cubic inches of air will rush 
out, leaving 100 cubic inches of air behind, of half its former 
density. The reason for this is, that at the height of nearly 
3^ miles we have more than half the atmosphere below us, and 
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the mr of the flask has to bear onlj half the saperincnmbeiit 
pressure that it bore at the sea-leyeL 'Now it is a curious 
law, peculiar to gaseous matter, that its density is commonly 
proportional to the pressure that confines it, that is to say, 
by doubling this pressure we compress air into half its 
fbnner bulk (as in the instance of a diving-bell under 
34 feet of water) ; and on the other hand, on removing 
half the ordinary pressure from air, it expands to twice 
its ordinary bnlk ; so that there appears no limit to the 
space which any quantity, however small, would fill, if 
relieved of all pressure. We shall return to this important 
law presently ; but meanwhile it must not be supposed, 
because an elevation of 3j- miles leaves one-half of the atmo- 
sphere below us^ that we should reach the limits of its exist- 
ence at double that height, or 7 miles. At that height 
(supposing it attainable) we should still have one-fourth of 
the atmosphere above us, and 100 cubic inches of air from 
the sea>level would expand into 400, because the upper parts 
of the atmosphere, having less weight to bear than the lower 
parts, expand into &r greater bulk ; so that not under an 
elevation of A5 miles is the atmosphere supposed to be limited 
by the coast-line of eternal space. 

Thus the atrial ocean is not, like the sea, of nearly the 
same density throughout its depth, but gets thinner and 
thinner firom the bottom upwards, so much so that the first 
S| miles above the earth*s sur&ce contain as much air as all 
the remaining 41 or 42 miles.* The cause for this is, that 
the air at the level of the sea has to bear the weight of the 
whole mass of atmosphere above it, which of course acts as a 
powerful mechanical force in increasing the density, and 
consequently the pressure of the lower strata. 

The pressure of the atmosphere at the sea-level can be 
estimated by a simple contrivance. Two hollow hemispheres 
of brass, Fig. 3, fitting together with smooth edges, are 
placed in contact ; the lower hemisphere is furnished with a 

• SMthedugnm, Fig. 29 (57). 
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short tube opening into it, and this tube can 
be opened or dosed at pleasure by means of 
a stop-oock. On screwing the tube into an 
exhausting syringe, and pkudug the two hemi- 
spheres together, the air can be withdrawn 
from the hollow sphere thus formed, and on 
turning the stop-cock, before removing the 
apparatus from the syringe, the air is pre- 
Tented from entering. A handle may now be 
screwed to the shoit tube, and if two persons 
pull in opposite directions, they will be unable 
to separate the hemispheres. On turning the 
stop-cock, however, the air rashes in, and the 
hemispheres fall asunder by their own weight. 

Now the force which binds these two hemispheres to^ 
gether is the pressure of the atmosphere, which may easily 
be calculated by sospending them, when exhausted, by the 
upper handle, and adding weights to the lower handle. 
Suppose the sphere to be 6 inches in diameter, its section 
through the centre will be about 29 square inches; and, 
supposing the vacuum to be perfect, a weight of 420 lbs. will 
be required to separate the hemispheres. Now V^ = about 
U| lbs., the amount of atmospheric pressure upon one square 
inch of surface.* 

There are many other methods of proving the important 
&ct, that the weight or pressure of the air is equal to be- 
tween 14 and 15 lbs. on every square inch of surface at the 
level of the sea ; or, in other words, a column of atmoii^herio 
air one inch square, resting on any surface at the sea-level^ 

* Theie biBiiiisplieres are called the Magdeburg himi9phere§f and the 
experimeot the Magdeburg e:Bperifn§ni, from the place where Otto 
Giiricke, one of the inTentors of the air-pump, resided. In 1654 he had 
the honoor of ezhibitiDg the Magdeburg experiment on a large scale, 
before the princes of the empire and' the foreign miniBters assembled at 
^ the diet of Ratisbon. The force of two teams, consisting of a dozen 
l^orses, pulling in opposite directions, was found insufficient to separate 
the hemispheres. 
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and extending to the top of the atmosphere, weighs between 
14 and 15 lbs. This will be more clearly aeea. when we 
come to speak of the barometer ; but we may here antio- 
pate the soiprise of the reader who approaches this sabject 
for the first time. He may regard saeh resolts as these as 
scientific coriositiea^ in which he is in no way concerned; 
but a moment's reflection will convince him that the same 
force which held the hollow hemispheres together, is present 
and active, as well for animals as fi>r inorganic matter. If it 
can be proved that a column of air one inch square and 
about 45 miles high weighs about 15 lbs., it is evident tiiat 
this pressure must be as true for a square, yard, or a square 
mile of surface, as for a square inch ; tiie only difierenoe u 
in extent ; for, if we wish to know the pressure on a square 
yard, or mile, we must calculate the number of square inches 
in such a surface, and multiply this number by 15, and the 
product will give the atmospheric pressure in pounds on the 
larger sur&ce. But since we have seen that air is impene- 
trable, and that our bodies displace it, it must be evident 
that this pressure is also exerted on every part of the 
surface of our bodies, as well as of th& earth on which 
the air rests ; for the pressure of a JkUd on any sur&oe 
immersed in it is exactly equal, whether the sur&ce be hori- 
zontal, vertical, overhanging, or even fiunng downwards like 
a ceiling.* We dwell on the floor of an ocean of air 45 miles 
deep, and are as much subject to its pressure, as the bodies 
of fishes^ which inhabit the floor of the liquid ocean, are to the 
column of water above them. In order, therefore, to calculate 
the amount of atmospheric pressure on our bodies, we must 
ascertain the number of square inches on their smi-fi^oe, and 
multiply this number by 14^ In this way it will be found, 
that the atmospheric pressure upon the body of a man of 
ordinaiy stature amounts to no less than 33,600 lb&, or 

* The demonstratioii of tiie propofition, thtt fluidity oomiiti in the 
tnnsmusion of preitnre in sll directions, is ghrea in Rndinientary 
Mechanicf, Part 111. 
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about 15 tons ! Why, then, it may be asked, is he not 
crushed to death, instead of being entirely insensible of this 
enormous pressure? A few exam^des will explain this. 
There are many delicate and fragile animals which live at 
great depths in the sea^ offcen from 2,000 to 3,000 feet below 
its surface. These creatures, therefore, have to sustain the 
pressure of a column of water of that height, a pressure of 
from 60 to 90 times greater than that of the atmosphere 
upon our bodies. Yet these animals are not crushed ; they 
move about with perfect ease, under circumstances still more 
surprising than those under which we Hve. And the reason is, 
that this hydrostatic pressure is equal on all sides ; the bodies 
of these animals are equally pressed above, below, and around, 
and the fluids within the animal . are also either of similar 
density, or they are nearly incompressible, so that all these 
different pressures counterbalance each other. In the same 
manner the fluid atmosphere presses equally in all directions^ 
and the human body immersed in it may be compared to a 
sponge plimged into deep water ; it is not crushed, because 
the water Alls the cavities of the sponge, and also suirounds 
it entirely. In like manner our bodies, and even our bones, 
are filled either with liquids capable of sustaining pressure, 
or with air of the aaxae density as the external air, so that 
the outward is counteracted by the inward pressure. Now 
let us see what are the consequences of removing this pres- 
sure. Some fisheS) which live at great depths in the sea, aj e 
provided with swimming- bladders, or little bags full of air. 
On raising them to the surface, the water-pressure is re~ 
moved, and the bladder expands to such a degree as to Idll 
the creatures instantly. In like manner, if we were raised 
towards the sur&ce of our aerial ocean, our bodies would 
swell, and probably burst. We become painfully sensible 
of a partial effect of this kind, by removing the external 
pressure from a portion of the skin, as in the operation of 
cupping. The cupper drives out the greater portion of the . 
air from the cupping-glass, by holding it over the flame of a 

c 
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spirit-lamp, and then saddenlj claps the glass on the skin, whi<^ 
has been previonslj cat by a number of small ]anoet& The 
cup adheres by the pressure of the air on the outside^ while 
the flesh beneath the glass, being relieved from preasiirey 
expands, and forms a projection within the cap. The blood- 
vessels beneath the incised portion of the skin, being also 
relieved from pressare, discharge their contents into the 
rarefied space formed in the cap. 

The pressure of the atmosphere may be illustrated by the 
following simple experiment : — ^Fill a glass of water to the 
brim ; cover it with a piece of paper ; press the paper to the 
edge of the glass with the flat surfiice of the left hand, while 
with the right hand the glass is to be suddenly inverted. 
The left hand can then be removed, and, provided the paper 
be kept in a horizontal position, the water will be supported 
in the glass by the pressure of the air against the paper. A 
glass phial, with a narrow neck, may be filled with water and 
inverted, and the water will not escape, because its adhesioiL 
to the sides of the neck, and the pressure of the atmosphere, 
sustain the liquid colunm. If this adhesion be overcome by 
shaking the bottle, or inclining it on one side, bubbles of air 
will pass up on one side, while equal quantities of water 
escape on the other. In beer-casks, ^, a vent-hole is pro- 
vided at the top, to allow the air to enter in proportion as 
the liquid is drawn off below.* In the wine districts of 
France an ingenious little instrument, entitled a tdie-vin, or 
wine-taster, Fig. 4, is used for taking out a small portion of 
wine from a cask. It consists of a tube of tinned iron, of 
which the transverse dimensions increase gradually from the 
top to near the bottom, which terminates in an inverted 
cone, the point of which is open : there is also a small 
circular opening at the top. Now, on holding this tube 

* In thoM cases where the beer escapes fireely withont opening the vent- 
peg, ■ qnantitj of carbonic add has aocomolated at the top of the liquid, 
•nd being under pressure, its elastic spring acts upon the liquid, and 
forces It OQt when the tap is opened. 
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Fig, 4. 



by the handle, and passing it into a cask of wine, 
through the bonghole, wine will enter hy the 
lower hole, until it attains the same level in the 
tube as in the cask, and in doing so it will drive 
the air out through the hole at the top. On 
taking the tube out of the cask, the wine will 
flow back again from the lower hole, and the air 
"will re-enter by the top hole ; but if the thumb 
be placed over the top hole, the air cannot re- 
enter, and consequently the wine cannot escape 
from the point at the bottom. The moment the 
thumb IS removed, the wine begins to flow, and 
in this way a small wine-glass may be filled with- 
out wasting a single drop. The little glass 
instrument called a pipeUe, so useful in the laboratory, acts 
on the same principle. 

8. We have thus fsx illustrated certain properties which 
air enjoys in common with solids, namely, impeneirabilUtf, 
weighty inerHay momerUumiy and jfkidd preasmre m all direc- 
tion8. We have also slightly noticed its compressibU'Uyy and 
its elasticity when compressed. This last property requires 
a more extended notice, for, although common to all matter, 
it is so much more obvious in airs and gases as to be some- 
times regarded as their distruguishing feature, and to gain 
for them the somewhat ambiguous title of elastic Jluids. 

Airs and gases are so different in structure from solids 
and liquids, that it seems difficult to suppose them to be 
regulated by the same mechanical laws. The atoms or par- 
ticles of solids are held together by an attractive force called 
a^kesion, which differs in different solids, as is evident from 
the various degrees of force required to crush or grind them 
to powder. In liquids the attraction of cohesion is so weak^ 
that the particles glide over each other with the greatest 
ease, and instantly mould themselves to the form of the 
vessel in which they may be contained. Thus they would 
appear to have no cohesive force ; but that they have some 



16 ELAsmcmr of adl 

is evident by the coherence of every drop of water. In airs, 
gases, and vapours, however, this cohesive attraction is alto- 
gether absent. The gaseoos particles not only have no cohe- 
sive attraction, but, on the contrary, a powerful repulsion, 
whereby they are constantly endeavouring to separate them- 
selves as &r as possible from each other. It is this repulsive 
force which constitutes the elasticity of aeriform bodies, of 
which we have now to speak. 

A thin fragile vessel of any size is not crushed by the 
pressure of the atmosphere, on account of its perfect equa- 
bility, the external pressure being exactly counterbalanced 
by the internal We have only to remove one of these 
pressures, and we shall witness the energy with which either 
of these forces acts when unrestrained by the other. If the 
neck of a square glass vessel be screwed into an exhausting 
syringe, and the internal air removed, it will be crushed 
into small fragments by the external atmospheric pressure. 
So^ on the contrary, if a similar vessel be carefully closed at 
the neck and placed under the receiver of an air-pump, on 
removing the external pressure the vessel will be blown to 
pieces by the pressure or elastic force of the air inclosed 
within the vessel 

We see, from this last experiment, that a portion of air 
cut off from all communication with the atmosphere still 
exerts a pressure in all directions against the sides of the 
vessel containing it, and it can be proved that this internal 
pressure is exactly equal to the pressure which an equal 
sur£Eboe undergoes from the weight ci the external atmo* 
sphere. But this internal pressure cannot arise from the 
weight of the included air (for this is only a few grains) j it 
must therefore arise frt)m its elasticity, or expansive force ; 
that is to say, the force with which it tends to expand to its 
natural bulk, or that bulk which it would occupy if subject 
to no pressure ; i( far example, it were ranoved to the top 
of the atmosphere. 

9. The elasticity of air and the law by which it is rega- 
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lated, can be very wdl Ulnstiated by means ^- &■ 

of a long bent glass tube, Fig. 5, open at its 
longer extremity, and Aimished with a stop- 
cock at the shorter. The stop-cock being 
open, a qoantity of mercury ia poured into the 
open end. The maiaixa of the mercury a a 
will of course stand at the same level in both 
legs. The two columns of air, & c and a D, 
Buatain a preasure equal to the weight of a 
column of ^ continued from a. and a to the 
top of the atmosphere. If we now close the 
stop-cock D, the effect of the weight of the 
whole atmosphere above that point is cut o£^ 
BO that the snr&ce a can sustaia no presenre 
arising from the weight of 'the atmosphere. 
StiU the level of the mercury remains the 
siune, because the elasticity of the column of 
air a D is precisely equal to the weight of the 
whole column b^ore this small length was 
cut o& The' sur&ce a. is still pressed by the 
whole atmospheric column, and thus we see 
that these two different properties of the 
atmosphere, its dtittiaiy and its weight, exactly 
conuterbalance each other. 

Now we know that the atmospheric pres- 
sure under ordinary circumstances is equal to 
14^ lbs. on the square inch, or to a column of mercury 30 
inches high. It is evident, therefore, that the atmospheric 
pressure acting on a is the same as would be produced by a 
column of mercury 30 inches high resting on the sox&ce a. 
So also, the foroe with which the air confined in a j> preeaes 
by its elasticity on the sur&ce a is also equal to a column 
of mercury 30 inches high. The pressure of the atmoq)here 
acting oa the suriace a is transmitted by the mercury to the 
soriaoe a, and balances the elastic fierce of the isolated 
column ao. 
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If we now pour an additional quantity of mercury into 
the open end of the tube at c, an increased pressure, arisiiig 
from the weight of the metal, will be transmitted to the 
surface a> and will prevail over the elastidtj of the oonfined 
air ; the sur&ce a will therefore rise towards b, oompreasiiig 
the air into smaller space. On continuing to pour «in 
mercury until the sur£su;e a rise to 5, or half-waj between a 
and D, that is, until the confined air is compressed into 
exactly half its former limits, it will be found, on drawing a 
horizontal line from the sur&ce b to the opposite point b' in 
the longer limb, that the column of mercury b' B measures 
exactly 30 inches, the weight of which is equal to the atme- 
^spheric pressure. The force with which the surfeu^ b is 
pressed upwards towards d is, therefore, equal to fyffo ixtmo- 
sph&res, or double the force with which a was pressed 
upwards towards D. Hence it appears that the elasticity of 
the confined column of air 6 d, is double its former elasticity 
when filling the space a D, so that when the air is com- 
pressed into half its volume its elasticity is doubled. If we 
again pour mercury into the tube at c, until the air inclosed 
in the shorter limb be reduced to a third of its bulk, as at 
c D, the compressing force will be equal to three times the 
atmospheric pressure. The height of the compressing 
column of mercury would reach to c, namely 60 inches 
above the level c. K we still add mercury until the column 
rise to the height of 90 inches above its level in the short 
limb, the elastic force of the confined air would be four times 
greater than at first, and it would be compressed to the 
bulk of one^fourth of its original volume. 

It appears, then, that the eUutie force of air varies in 
exae^ the eame propartum a$ its density; and this simple 
and important law, which is called, afler its discoverer, the 
Imo of JIfariotte, applies not only to air, but to all gaseous 
liodies when subject to such variations of pressure as can be 
readily commanded. Air has been allowed to expand into 
more than 2,000 times its usual bulk, and it would have 
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expanded atill more if a greater apace had been alloved. 
Air has aiea been oompressed into less than a thousandth of 
Ha oBoal bulk, so as to become denser than water ; but its 
eiaeHtatj has not been exactly determined at these extreme 
degrees, eith^ of condensation or rare&otion ; so that we 
have no proof that the law of Maiiotte applies so eztrat- 
sivrfy. Oa the contrary, recent ezperiments on the com- 
prasaion of gases render it nearly certun that they all vary 
from this law when subject to very great preaaure, tb^r 
density being increased in a greater ratio than their elas- 
ticity ; this variation, however, is less in air than in most 
other gaseona bodies, and the simple law ia found to apply to 
it very accurately when condensed as much aa 50 times, and 
also when allowed to expand to several times its usual bulk. 
10. The prindple of those usefiil inatrumente, the ex- 
hauating syringe and the air-pump, depends upon the elas- 
ticity of the air. The exhausting syringe. 
Fig. 6, consists of a cylinder of brass or 
some other metal, with a piston or plug 
accurately fitting it. The lower part of 
the cylinder contains two valves or little 
doors, the one opening upwards into the 
cylinder, and tlie other at the side, out into 
the air. The vessel to be exhausted is 
screwed into a abort tube projecting from 
the cylinder. This vessel must be fur- 
nished with a stop-cook, to prevent the air 
from re-entering after the exhaustion is 
complete. Now, suppose the vessel to be 
screwed into the short tube, its stop-cock 
open, and the piston at the bottom of the 
{^linder. Suj^sing we drew up the | 
pston insUmtaneoiulg, or in 120 time, a 
vaountm or empty space must evidently be 
left between the bottom of the cylinder and 
the piston. Consequently the air in the vessel, being no 
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longer oounterbalanoed by the atmospheric pressuie, expands 
hj its elasticity, forces open the Talire a, and fills the empty 
space below the piston. When the piston is drawn pro- 
gresaiyelj to the top of the cylinder, no Yacnnm is formed, 
the air from the vessel expanding and following it all the 
way. After this the piston is forcibly driven down again, 
whereby the valve a is dosed, and b is opened ; the whole of 
the air in the cylinder is thus driven ont through b, and 
when the piston is at the bottom of the cylinder matters axe 
in the same state as at the commencement of the operation, 
except that the air in the vessel is much less dense and 
elastic than before. On drawing up the piston a second 
time, the external air cannot enter through 6, because this 
valve opens outwards, and the atmospheric pressure upon it 
&om without only serves to close it more securely. The 
valve a, however, is inonediately forced^open a second time 
by the remaining air in the vessel, which again fills the 
empty space that would otherwise be left by the drawing up 
of the piston a second time. The piston is again depresaed, 
the valve a is again dosed, and the air in the cylinder again 
forced out through b; and in this way the action is carried 
on until the air in the vessel has too little elastidty to open 
the valve a. The exhaustion is then said to be complete. 

Now it is evident that a perfect vacuum, or empty space, 
cannot be formed in the vessel by this contrivance. A small 
portion of air must always be left in the vessel If the cylin- 
der be of the same capadty as the vessel, and the weight and 
finction of the valve be regarded as nothing, one-half of the 
air will pass out of the vessel by the first stroke of the pis- 
ton ; that is, on raising the piston to the top of the cylinder, 
and then depressing it again to the bottom, the vessel will 
be deprived of exactly half of its contents; the remaining 
half will still completely fill the vessel, but its atoms or par- 
ticles will be fiirther apart^ its density will be diminished 
one-hal^ and, consequently, its elastidty will be diminished 
in the same proportion* The second stroke of the pistoii 
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win again tliminiiiti the air in the vesael by one-half ^ that is, 
the air left after the Beoond stroke will be one-fourth of its 
former densitj and elasticity. We may carry out these re- 
snlta to greater length, by collecting them in a tabular form. 
The quantity of air in the veBsel before the first atroke is to 
be regarded aa nnity. 

Uhin 
Staikt. OoHBol. khbI. ElMtic fom of Ibe niii*lnd*i. 

lit, one-half of I — ^15 indieB of mercnr;, or 7'35 Iba. per gq. in. 
2nd, one-ludfDf i = ^ 7^ inchei of meicuij, or 3'67S 
3rd, one-half of ^ - ^ 3) inches of mercary, or 1-637 
4l:h, one-hJf of i = ^ 1-875 ins. of mercury, or -918 
5^1, one-balfof A = fy 0-9375in.ormercDr;,or •ib9 
«th, one.biiirof^ - ^ 04687in.ofinerCTirj,or -289 
7th, one-halfof^ — ih 0-2341 in. of mercury, or -111 
SO,, one-half of ^ = ji, 0-1172in. of mercury, or -057 
9th, one-hslfof^, — ^ 0-0586 in. of mercury, or -028 



Thus, after the ninth stroke, the reu) 
be yfjth of its 
original quantity; 
and, as it still oc- 
cupies the same 
space, it has only 
f-^th the density 
and elastic force, 
which ia equal to 
a pressure of only 
0-028 lbs. to the 
square inch, which 
would scarcely be 
snffident to raise 
the valve. 

U. The air- 
pump, Elg. 7, is 
nothing more than 
a duplication of 
the exhausting 



ining wr will only 
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spoMigR, with dds difiorenoe, tint the Talve tiuoogh which 
air is foiced oat of the cylmder, is not j^aoed as at 6, Fig. 6, 
hot in the |»ston mr ping it8d£ Two of these syringes, a b, 
or barreU, as they aie eiJ]ed,aie arranged side hy side, an d the 
motion gi^^oi to th^ pistons is so managed (in experimental 
™a^ifw>tt by a toothed whe^ and nu^ed piston-rods) that, 
while one piston is aaocaiding and drawing out the air, the 
oth»> is desoending and expelling the air already drawn out of 
the Tessd to be exhawflted Eadi barrd is famished with a 
Talve at the bottom, opoiing upwaxds, so that, dniing the 
ascent of ^ther piston, the air below the valve forces it open 
and fills the barrd. Dming the descent of eiiher pston this 
valve is of oonrse dosed, and another valve, situated in the 
pisUm itsd^ and opening upwards, allows the escape of the 
air betwem the bottom of the barrel and the piston. In 
pneumatic experiments the vessd to be exhausted, b, is called 
a reoeioar; it is made of stoat glass, its edge is groond flat^ 
and smeared over with pomatnm beicxe it is placed on the 
metal plate t, called the table of the air-pomp. By this 
means the receiver is Inroaght into air-tight contact with the 
table, and forms a tran^nrent chamber, in which any sub- 
stance or anangement of apparatus previoasly placed, may 
be observed under any amount of rarefiicticm that may be 
given to the inclosed air. The table is perforated at its 
centre with a hole, which communicates by a bent metal 
tube c, with the barrels a b. This tube is furnished with a 
stop-cock, which, being dosed, prevents any leakage of air 
into the receiver from the barrels, and, when open, allows 
them to act upon the indosed air. The air is readmitted 
into the receiver by a perforation into the bent metal tube 
at h. This hole is dosed by a thumb-screw, made air-tight 
by a washer of leather. One extremity of a bent glass tube 
d opens into the metal tube c, while the other extremity 
dips into a cistern of mercury. This tube, which is more 
than 30 inches in length, acts as a gauge, and indicates, by 
the ascent of the mercury within it, the amount of rarefac- 
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tion in the receiver ; because, as the rarefaction proceeds in 
the receiver, the elastic force of the air pressing upon the 
mercury in the gauge-tube is diminished. Indeed, with the 
first stroke of the pump, it immediately becomes less than 
the pressure of the external atmosphere on the surface of the 
mercuiy in the cistern : consequently, this external pressure 
prevails, and forces mercury up to a certain height in the 
gauge-tube. As the rarefaction of the air in the receiver 
proceeds, its elastic force is diminished, the atmospheric pres- 
sure acts with increased effect, and the mercury rises higher 
and higher in the tube. The weight of the column of mer- 
cury thus raised, combined with the elastic pressure of the 
air remaining in the receiver, is equal to the atmospheric 
pressure, and it is evident that the elastic force of the air in 
the receiver must be equal to the excess of the atmospheric 
pressure above the weight of the column of mercury in the 
tube. K a common barometer hanging up in the room 
stand at 30 inches, and the mercury in the gauge at 20 
inches, the pressure of the air in the Receiver is equal to 10 
inches of mercury, or one-third of that of the external at- 
mosphere. The density of the air in the receiver is also one- 
third of that of the external air, showing that two-thirds of 
the air have been removed. 

12. In the foregoing description of the air-pump we 
have omitted details, which, although they make it a more 
efficient instrument in the hands of the man of science, do 
not affect its principle. In the best air-pumps the valves at 
the bottom of the barrels are not opened by the elastic force 
of the air in the receiver, but hy a mechanical contrivance 
working in the piston-rods. In the French air-pumps exhi- 
bited in the Great Exhibition the barrels were of glass, so 
that the working of the valves could be shown, and their 
condition at all times, be ascertained at a glance. In New- 
man's air-pump the table was formed of a stout slab of glass, 
instead of metal as heretofore. In Siemin's air-pump (Fig. 8) 
the two cylinders or barrels differ in size and arrangement. 
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The Bmftller barrel is applied either to the bottom or top of 
the larger, while the valved pistons belongiiig to eatcfa w 
ftttoohed to one and the same piston-rod. The air with- 
drawn tram the receiver is condensed in the lower c^iinder 
to oue-fourth part of its original volome, and thns has soffi- 
cient elasticity to pass throogh the dischac^ing-TalTe and 
eiuape, the opponng presaore of the atmosphere on that v»lve 
being thus counteracted from within. In f^. 8, a is the 
exhausting cylinder, b the second 
cylinder, equal in length to the 
flrst, and fixed to its lower pait> 
but having only one-third or one- 
fourth of it« sectional area, and 
consequently one-third or one- 
fourth of its cubical contents. The 
cylinders are separated by a plate ' 
fbrming at once the bottom of the 
upper and the top of the lower 
cylinder, the only air-passage be- 
tween them being a silk valve v'. 
In each cylinder works a valved 
piston, P and p, attached to a 
piston-rod common to both, and 
pasmng through a stnfSng-box in 
the plate. Tlie distance between 
the pistons is such, that when p 
is in contact with the top of the 
upper or exhausting cylinder a, 
^ is in contact with the top of the 
amaller or lower cylinder ; and 
when F is in contact with the bottom of the large cylinder, 
p is in contact with that of the small cylinder. The table, or 
pump-plate e, placed above the large cylinder a, supports 
the receiver n, or other vessel to be exhausted, from which 
the air flows through the valve v, during the descent of the 
piston. The motion of the pistons is effected by means of a 
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short crank with a jointed connecting-rod, converting the 
circular motion given by the lever handle into a vertical one, 
which is maintained by means of a croqs-head, with roUers 
working between guides. The action of the pump is as 
follows : — ^The descent of the piston p tends to produce ^ 
vacuum in the exhausting cylinder A, by causing a difference 
of pressure above and below the first valve v, in the top of 
A9 so that the elasticity of the air in the receiver causes it to 
pass through the valve v. At the same time the air below 
p is pressed through the valve i/, in the plate which sepa- 
rates the cylinders, and enters b, in which a vacancy is simul- 
taneously made for it by the descent of the piston p; and in 
consequence of the difference of capacity of the two cjlinders, 
it becomes reduced to one-fourth of its original bulk, its elas- 
ticity being proportionally increased. The air contained in 
the small cylinder below the piston p, will in like manner 
be pressed through the valves t/', i/", into the external 
atmosphere. During the ascent of the pistons^ the valves 
f/, i/\ t/", will be closed, and v w opened by the upward 
pressure of the air in the cylinders, and also by the atmo- 
sphere, thus allowing the air in each cylinder to pass through 
the pistons as they rise, in order that in the following down- 
ward movement the air, which during the previous stroke 
of the pump issued from the receiver into the exhausting 
cylinder, may be withdrawn from that into the lower cylin- 
der, while the air condensed in the latter may be finally ex- 
pelled into the atmosphere. 

Mr. Siemins states that the ordinary air-pump caimot be 
made to remove more than -^^ of the air from the receiver. 
" Lst us suppose," he says, ** that in the new air^puinp the 
piston p leaves -^ of the air in the exhausting cylinder a, 
undispilaced, and that the piston p cannot be brought within 
Y^th part oi the length of stroke of the top or bottom 
of the smaller cylinder, the working having been continued 
until no further exhaustion is effected. At this period the 
piston p will leave in the cylinder b during the downward 

D 
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stroke y^ of its bulk of air of the atmospheric density 
unexhausted ; if it be raised again, this portion of air will 
expand and fill the cylinder b with air, the density of which 
will be only yj^ that of the atmosphere. The piston p will, 
at the same time, ascend to the top of the exhausting 
cylinder a, filled with air of the same density as that re- 
maining in the reoeiver ; but the exhaustion having reached 
its utmost limit, during the next downward stroke no air 
will be discharged from cylinder a into cylinder b ; the air 
above the piston in the latter will, at the termination of this 
stroke, have expanded 100 times, and having previously 
expanded to an equal amount during the upward stroke, it 
will now be reduced to the density ^^^^^ that of the atmo- 
sphere. If no force were required to open the valve i/, air 
would, in this state of things, pass from the upper into the 
lower cylinder, unless that in the former, a hundred times 
compressed as it would be at the end of the downward 
stroke, were not still rarefied 10,000 times ; or what is the 
same thing, if it were not, when it fiUed the cylinder A, one 
million times rarefied We find, therefore, that by the 
addition of the second cylinder, the vacuum may be rendered 
10,000 times more perfect than if the cylinder A had been 
employed alone in the manner of an ordinary air-pump."* 

13. From the air-pump we pass to the common household 
or Mwstion pump, as it is sometimes called The term 
madion is still applied to several operations and instruments 
of the pump kind This term is an unfortunate one, and 
requires to be explained away. When we place one end of 
a straw in the mouth, and the other end in water, and are 
said to 9uck up the liquid, we do no such thing. We merely 
draw into the mouth the portion of air confined in the tube, 
and then the pressure of the air which is exerted on thesor&oe 
of the liquid, being no longer balanced by the elasticity of 

* " I>etcription of an Improred Air-pamp, applictble to Phikwopliieti 
and Manii£u±oriiif Pnrposei, invented and patented by C. W. Siemins." 
MeMn. Knight, of Foster-lane, Cheaptida, London, mannfoctore tbeie 
pomps, and sell them at ^"21 each. The eihansting cylinder is 3 indws 
indian^'^' 
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the air in the tube, forces the liquid up into the mouth. If 
the straw were graduallj increased in length, without in- 
creasing its whole capacity, we should find a certain length 
at which (however small the tube) we should not be able to 
raise the water into the mouth ; for it would not rise more 
than a certain number of feet above its former level ; and no 
Slicking, even by the most powerftd machinery instead of the 
mouth, could ever raise it more than 34 feet . above that 
level, because the atmospheric pressure cannot counter- 
balance a column of water of a greater height than between 
33 and 34 feet. And if we try to suck up mercury through 
a long tube, we shall be unable to raise it more than a few 
inches by the mouth, nor by the best air-pump more than 
about 30 inches (viz. the height at which the mercury of 
the barometer stands at the time), because the atmosphere 
cannot balance a column higher than this. Our reputed 
powers of suction, therefore, have nothing to do with the 
£uid to be raised ; for that work is done by the atmospheric 
pressure only : we assist it or bring it into play by yj-^ g^ 
using the mouth as an air-pump in withdrawing the 
air from the tube by enlarging the cavity of the mouth 
or lungSL In a boy's squirt. Fig. 9, the same principle 
is in operation. This simple but ingenious little in- 
strument consists of a metal cylinder drawn at one 
end into a point, and furnished with a plug or piston. 
On introducing the point into water and drawing up 
the plug, a vacuum would be formed below it, did not 
the water rise and fill it by atmospheric pressure. 

14. A similar but somewhat more complicated process is 
carried on in the common household pump. A long pipe 
A B, Fig. 10, dips at one end into the water of a well w, the 
other end is furnished with a valve e. Above this pipe 
is another and wider pipe c, called the ha/rrdj containing 
a plug or piston p, furnished with a valve t/, in the centre ; 
Vtoth these valves open upwards. The piston is worked up 
and down by means of a lever called a braJce, There are, 
however, various ways of working the piston, which of course 
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do not affect the principle of the ^- 10. 

pump. At the commencement of the 
operation of pumping, the water in 
the well and in the pipe a b standfl at 
the same level On raising the piston, a 
vacuum would he formed helow it ; hut 
the air in a b h j its elastidt j raises the 
valve V and fills the harrel. This in- 
creased expansion of the air in a b di- 
minishes its elastidtj, so that water 
is forced up into a B to a certain height 
hj the atmospheric pressure on the ex- 
))osed sur&ce of the water in the well 
On depressing the piston, the valve v is 
closed and the valve t/ forced open (as in 
Fig. 10, 2), through which the air be- 
tween V and the bottom of the piston 
escapes. On raising the piston a second 
time, more air rushes from a b, and the 
column of water in the pipe rises higher. 
In this way by alternately raising and w| 
depressing the piston, all the air is drawn 
out of the pipe, and the column of water 
rises up to the valve v. On again 
raising the piston, wat^ instead of air now opens the 
valve V, and rushes into the barrel, and, on lowering the 
piston, the water closes this valve Vy thereby preventing it 
from again flowing back into the well At the same time 
the water forces open the valve i/, and streams through it, 
80 that water is now both above and below the piston. On 
continuing the action, the water rises higher and hi^er 
above the piston, until it reaches the spout s, where it is 
discharged. 

Kow it is quite evident that the length of the pipe a b 
must, have a limit ; since the atmosphere by its pressure is 
capable of supporting a column of mercury 30 inches high, 
and as the srwHafic gravity of water is about 13^ times leas 
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tluui Uiat of mercuiy, it follows that a force wliich. cftn sns- 
t^n 30 inches of the heavier fluid vill austAin a colomn of 
the lighter fluid 13 j times greater in height, or about 406 
inches, or 34 feet, instead of 30 inches. But as the baro- 
ntetric column in this country oscillates between 28 and 31 
inches in height, it follows that a column of water supported 
"by the atmosphere must also be subject to a proportional 
variation. BesideB, as the mechanism of a common pump b 
by no means exact, some allowance must be made for ita 
imperfections. Hence the length of the pipe A B ought 
never to exceed 30 feet above the level of the vrater in the 
'welL It was the lucky accident of erecting a pump over a 
deep well at Florence that led to the discovery of the baro- 
meter and the pressure of the atmosphere, as already nar- 
rated in a companion treatise.* 

15. When it is desired to raise water to a great height, 
advantage is taken of the elas- 
ticity of a confined portion of "!■ "■ 
air condensed into a smaller 
space than it usually occupies 
under atmospheric preaaure. 
Such is the Jire-engine, the 
principle of which will be 
understood from the section 
shown in Fig. 11. His the pipe, 
or hose, which is prolonged 
to the plug, or water-pipe, 
whence the supply of water 
is obtained. This pipe H com- 
municates with two valves TT] 
which open into the pump-bar- 
rels of two forcing-pumps a A,t 
containing solid pistons p p. The piston-rods of these are 

* See Introdoctioa to tlie Stadr of NilDial Philoeophj ; new edition 

(11). 

t /. e., pompi like the arhanifing tyringe, Gnt deicrUKd (10), uutcad 
of the ur-pump (11) md common wster-pomp joit mentioned. 
12 
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connected with a working beam so arranged as to be wosked 
by a number of persons on each side. From tiie codes ciih^ 
pump-barreb above the valves v v proceed force-pipes whidt 
commonicate with an air-chamber c by means of valves V t 
opening upwards into it. Through the top of the air- 
chamber descends nearly to its bottom a pipe e, to the upper 
part of which is attached the hose or jet used for directiDg a 
stream of water on the fire. Bj the alternate action of liie 
pistons p p, water is drawn through the valves ▼ r, and 
propelled through the forcing-valves V v', predselj as took 
place with the air in Fig. 10, and when the snr&oe of the 
water rises above the lower mouth of the pipe e, the air in 
the air-chamber c is confined above the water ; and as the 
water accumulates in the air-chamber, the inclosed air is 
compressed, and acts with increased elastic force on the sor- 
&oe of the water, thereby forcing a column of water into 
the pipe e, and out through the^hose and jet attached to 
it, with a force depending partly on the degree of con- 
densation, and partly on the elevation of the extremity 
of the hose above the level of the engine. The pressure of 
the condensed air has Jirat to support a column of water, 
whose height is equal to the level of the end of the tube 
above the level of the water in the air-chamber^ anduntQ 
the pressure of the condensed air exceeds what is necessary 
for this purpose, no water can spout from the end of the 
hose ; and, teoondlyt the force of the jet will be proportional 
to the excess of the pressure of the condensed air above the 
weight of the column of water, whose height is equal to the 
elevation of the end of the hose above the level of the wat^ 
in the air-vessel. When the air in the air-chamber is con- 
densed into half its original bulk, it will act upon the 
surface of the water with double the atmospheric pressure ; 
while the water in the force pipe being subject to only one 
atmospheric pressure, there will be an unresLsted upward 
force eqaal to one atmosphere which sustains the column of 
water in the tube ; consequently, a column will be sustained 
or projected to the height of 34 feet. When the air is 
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reduced to ^rd of its original bulk, the height of the jet will 
"be '68 feet ; atid so on. 

16. The siphon is not a pump, but a bent tube so con- 
trived as to convey liquids from one vessel to another at a 
loTver level, by raising them first above their natural level 
in the fir^ vessel. In Fig. 12, the siphon, or bent tube 
Jl "B C, has its shorter leg A B immersed in the liquid 



Fig. 12. 




which is to be "transferred from the vessel 
i> to £. At the commencement of the 
operation, the shorter leg is immersed in 
the vessel i>, and the air removed from the 
tube by applying the mouth to the extre- 
mity c of the long^ Hmb, or the end C 
may be closed and the air sucked out 
through an opening at the top of the bend, 
which is afterwards closed ; or, lastly, the 
siphon may be held with its ends up- 
wards, filled with liquid, the ends closed, 
turned downwards, and the shorter im- 
tnersed in d. But in any case, however 
the* siphon may be filled, as soon as this is done, the atmo- 
spheric pressure on the surface of the liquid in d forces the 
liquid up the tube towards the highest point b, and if this 
point be not at a greater height than about 32 feet if water 
be employed in D, and not more than 30 inches if the vessel 
contain mercury, the fluid will pass beyond the highest 
point B, and fill the whole of the tube to c. The vessel E 
can then be placed under the open end c, and the whole of 
the liquid in d situated above the open end A will be 
transferred into E. 

The reader will understand why one limb of the siphon 
must be longer than the other by considering that, when the 
instrument is left to itself the atmospheric pressure is acting 
as much at one extremity of the siphon as at the other. If, 
when the liquid column is raised to b, the mouth be with- 
drawn from c, the column will fell back into the vessel d. 
It will do the same if we get the liquid no further than P,. 
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which is the level of the liquid in D, because at that point 
the upward pressure of the atmosphere prevails oyer the 
daumuxxrd pressure of the liquid ; but beyond that point, in 
the direction F c, the downward pressure of the liquid pre* 
vails over the upward pressure of the atmosphere, and the 
liquid will flow out. Thus the motion of the fluid is, as 
Mr. Webster remarks, similar to the motion of a chaiD 
hanging over a pulley. If the two parts of the chain be 
equal, the fluid remains at rest ; and if one end be longer 
than the other, it moves in the direction of the longer end. 
Fresh, links, so to speak, are added continuously to the fluid 
chain by the atmospheric pressure on the surface of the fluid, 
so that the chain being continuous, the motion is continuous 
also, and does not cease till one portion of the chain becomes 
equal to or less than the other. 

A stream of water descending through the air tapers 
downwards, and at a certain depth divides into drops, be- 
cause each particle £eJ1s with accelerated velocity, and at 
length, when it has overcome their cohesion, leaves the 
other particles behind it. But when the stream is enclosed 
in a tube, this separation of its parts is prevented by the 
atmospheric pressure above and below keeping them together 
and forcing the whole stream to flow with equal velocity ; 
the lower part dragging the upper after it, while the upper, 
by its inertia^ equally retards the lower, so that they move 
together with the mean of their natural velocities ; and the 
discharge is, of course, more rapid than if there were no 
tube, and will be faster the longer the tube. Now, as the 
same is true of a stream of light fluid ascending through a 
heavier, this explains why the draught of a furnace depends 
on the height of the chimney. 

17. The elasticity of the air is taken advantage of in 
applying it as a stuffing material for cushions, pillows^ and 
beds. A textile &bric is rendered air-tight by the applica- 
tion of a solution of India-rubber, and when made up into 
the required form, the seams are rendered tight by means of 
the same substance. At one comer is a short tube, fitted 



THE CONIIENSINCI-3YR1NOE. 33 

vritih a screw, by loosening which the bag can be diat^ided, 
and by ti^teniiig it the air is prevented &vm escaping. If 
too mnch air be introduced, the cuahion becomeB too hard, 
but when moderately distended, it forms a tolerably soR; 
sur&ce ; when not in use, the air can be let out and the 
cover folded up into a small apace. The principal objection 
to its use arises irom its great heat ; air being a bad con- 
ductor of heat. The enclosed cat, when made warm by the 
heat of the body, ret^a its warmth, and produces an un- 
pleasant sensatioa of dry heat to the part which resta 
upon it. 

18. The action of the air-gun also depends upon the 
elasticity of condensed air. The exhausting syringe, Fig. 13, 
may also be uaed aa a condenong syringe. If the rea^l be 
removed irom the end of the syringe, and screwed into the 
abort tube h at the mde, it will be evident that on drawing 
the piston to the top of the cylinder, Mr will rush through 

he valve a and fill it. On depreamng the piston, the valve a 

will dose and the valve b will op^, so 
that the air contained in the cylinder will ^- '5- 

be forced into the vessel through the valve 
b, and if the vessel be strong enough, 
it will accommodate this increased, quan- 
tity of tur without bursting. On again 
raifflng the piston to the top of the cy- 
linder, a fresh supply of air will fill it, and 
on again depressing the piston, an addi- 
tional quantity will be forced into the 
vessel. Each succeeding descent of the 
piston will, however, become more diffi- 
cult, for the air contained in the cylinder 
will not force open the valve b, until it is 
more compressed than the air within the 
vessel which presses up against the valve b. 
On clomng the stop-cock, and removing 
the vessel from the syringe, we have a 
volume of condensed air, which will rush 
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out with great force the moment the stop-cock is opened, and 
this force has been used for projecting balls, or other missilea. 

In the air-gun the vessel for containing the condensed air, 
is a strong metal ball, furnished with a small hole and a 
valve opening inwards. This ball is screwed to a barrel 
containing a bullet, when, upon turning a cock, and opening 
a communication between the condensed air and the bullet, 
the latter will be projected forward with a greater or less 
velocity, according to the state of condensation and the 
weight of the bullet. In air-guns the reservoir of condensed 
air is usually very large in proportion to the tube ^w^faich 
contains the ball, so that its elastic force is not greatly 
diminished by expanding through it, and the ball is ui^ed 
all the way by nearly the same uniform force as at the first 
instant. The elastic fluid arising from inflamed gunpowder, 
on the contrary, is very small in proportion to the barrel of 
the gun, and occupies only a very small portion of it next 
the butt-end ; so that, by dilating into a comparatively 
large space as it urges the ball along the barrel, its 
elastic force is proportionally weakened, and it acts always 
less and less on the ball in the barrel ''Whence it bap- 
pens that air condensed into a pretty large machine only 
ten times^ will project its ball with a velocity but little 
inferior to that given by gunpowder ; and if the valve of 
communication be suddenly shut again by a spring, after 
opening it to let some air escape, then the same charge may 
serve to impel several balls in succession. In all cases where 
a considerable force is required, and consequently a great 
condensation of air, it will be requisite to have the condens- 
ing sfyringe of a small bore, perhaps not more than half an 
inch in diameter ; otherwise the force requisite to produce 
the compression will become so great that the operator can- 
not work the machine > for as the pressure against every 
square inch is about 15 lb&, and against every circolar area 
of an inch diameter 12 lbs., if the syringe be an inch in 
diameter, it will require a force of as many times 12 lbs. as 
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tlie density of the air in the receiver exceeds that of the 
common atmosphere ; so that when the condensation is ten 
times, the force required will be 120 lbs ; whereas, with a 
half-inch bore, it wiU only amount to 30 lbs."* 

There are various forms of air-gun, but perhaps the best 
is Martin's. It consists of a lock, stock, barrel, ramrod, &c,, 
of about the size and weight of a common fowling-piece ; 
under the lock is screwed on a hollow copper ball, perfectly 
air-tight. This ball is charged with condensed air by means 
of the condensmg syringe. When the baU is charged and 
screwed on, a bullet is rammed down in the barrel : if the 
trigger be then pulled, a pin in the lock will, by the spring- 
work within, strike into the copper ball, and by suddenly 
pushing in the valve within it, let out a portion of the 
condensed air, which, rushing up through the aperture of 
the lock, and forcibly striking on the bullet, will propel it to 
the distance of 60 or 70 yards, or forther, if the air be 
strongly condensed. The gun may in this way be dis- 
charged many times before the condensed air will have lost 
its propelling power, t 

19. As the barometer is by far the most important 
instrument connected with Pneumatics, it is necessary to 
describe its construction somewhat minutely, and to state at 
some length the amount of information which is to be 
derived from it. J 

* Encyclopeedia Metropolitana, art. Pneumatics. 

t The first notice of the modem air-gnn is in the El^mens d' Artillerie 
of David Rivaut, who was preceptor to Louis XIII. of France. He 
ascribes the invention to Marin of Lisieuz, who presented one to Henry IV. 
It appears, however, that Ctesibius, an Alexandrian Greek, who lived 
B.C. 150—120, applied the elasticity of the air to the construction of 
wind'ffuns; but in these machines the ball was not immediately exposed to 
the action of the air, but was impelled by the longer arm of a lever, while 
the air acted on the shorter. The air-g;un is now seldom used, and 
indeed it has been regarded chiefly as a scientific toy, except in those cases, 
which we should hope are of rare occurrence, where it has been made the 
instrument of private revenge. 

t In the Introduction to the Study of Natural Philosophy (11), the 
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The easential port of a barometer is a well-formed glas 
tube, 33 or 34 inches long, of equal bore, containing pure 
mercury only, and so arranged that this mercury may be 
supported by atmospheric pressure, as in Eig. 15 ; all the 
other appendages being contrivances for protecting the tube 
and ascertaining the exact height of the mercurial coluxnn. 

At first Bight nothing appears more easy than to fill a 
tube with mercury and invert its open end into a cup of the 
same metal, as shown in Fig. 14. 
There are, however, certain prac- 
tical difficulties which reuder 
the construction of a good baro- 
meter a work of great nioety. In 
the first place mercury is very liable 
to contamination, &om the &cility 
with which it dissolves baser and 
ohei4)er metals, such as tin, lead, 
rinc, and bismuth; and as the 
specific gravities of these metals 
are all much less than that of 
mercury,'^ any admixture of them 
will cause the height of the ba- 
rometer, as indicated by a column 
oT the adulterated metal, to be 
greater than in a barometer con- 
taining pure metaL There are 
various methods of purifying mer- 
cury, for which we must refer to 
chemical works ;t but, in addition 
to these sources of impurity, it was 




Fig. 14. Fig. 15. 



Iiistorj of the invention ia given, together with a notice of the impoctut 
Inflnenoe which the dieooTery of the presinre of Uie atmoephere had on 
the prognes of tdence. 

* The ipedfio gravity of sine ia 6*8 to 7*2 ; of tin, 7*3 ; of hinB«th, 
9*9 ; of lead, 11*45 ; and of mercorj, 13*56. 

t fiee Fanday'a Chemical liaupnlation. 
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■fclie opinion of Sir Humphry Davy, that mercury in its pure 

s±ate, -when exposed to the air, absorbs both air and mois- 

■fciire. If such really were the case, the construction of an 

slx^cll^ate barometer would be impossible ; but, according to 

■fclie experiments of the late Professor Daniell, mercury is 

incapable of absorbing or retaining either air or moisture ; 

ajid the air-bubbles seen to rise from it when heated or 

"when relieved of atmospheric pressure are merely retained 

laet-ween the mercury and the glass vessel by their attraction 

for the latter. 

On pouring mercury into the barometer-tube and invert- 
ing it, the air thus confined between the mercury and the 
inner surface of the tube will be relieved from atmospheric 
pressure, and escape into the Torricellian vacuum,* where it 
will oppose the pressure of the external air, and constantly 
maintain the mercurial column at a lower level than if the 
Torricellian vacuum were perfect ; so that the observed 
height of the column would not indicate the true pressure 
of the atmosphere, but only the excess of the pressure above 
that within the tube. Now, in order to get rid of this air 
adhering to the tube, as well as any moisture which is sure 
to settle upon anything left exposed to the air, it is necessary 
to introduce small portions of mercury into the tube, and 
boil them by the action of a small charcoal fire. This, of 
course, requires considerable care, not only to avoid the 
fracture of the tube, but also to prevent fumes of mercury 
from escaping, for these are very pernicious if inhaled. 
The tube is first gently warmed, so as to dry it thoroughly. 
A quantity of pure mercury is then poured in^ so as 
to' occupy two or three inches of the sealed end of the 
tube, which is held over the fire until the mercury boils, 
taking care to turn the tube round upon its axis, so that the 
heat may be equally applied. After boiling for a minute or 

* The vacant space between the top of the mercary and the top of the 
ttthe is called the Tbrrieellian vacuuntf in honour of the inventor of the 
instnunent. 

E 
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two, the open end is closed by a cork to prevent the intro- 
duction of moist air, and the tube is then allowed to ood, 
in order that the cold mercmy which is next to be poured 
in may not crack the tube. When a second portion <rf 
mercuiy, about equal to the first, has been poured in, the 
part of the tube containing this new portion is held over 
the fire until it boils. It is again removed from the fire, 
and corked up as before. A third portion of mertnuy is 
then introduced, and the heat again applied to that part of 
the tube containing the last addition of metal ; and in this 
way the tube is at length fille<^ with the exception of a-amall 
portion from which the mercury has been expelled by the 
heat. This is filled up with mercury, and the finger is now 
placed over the opened end so as carefully to exclude any 
air; the tube is then reversed into a cup of pure mercury; as 
the column sinks, it expels the last portion of mercuiy which 
had not been boiled ; and as there is neither air nor aque- 
ous vapour above the mercurial column, its length exactly 
measures the atmospheric pressure whenever the tempera- 
ture is too low for the mercury to give out any sensible 
quantity of vapour. It appears, however, that mercuiy 
exists in the aeriform state whenever its temperature is 
above 60°, so that it must, in this state (though exceedingly 
rare), fill the so-called vacuum at the top of the tube, and, 
by its elasticity, depress the liquid, and partly counter- 
balance the externa] pressure. But this source of error, 
which is unavoidable, is fortunately extremely smalL 

20. With all the above precautions;, however, the baro- 
meter is liable to continual deterioration from another 
cause. Capillary attraction, or that force by which solids 
attract fluids so as to be wetted by them, does not act 
equally between all solids and fluids. Motit solids, with the 
exception of certain metale^ display less attraction of this 
kind for mercury than for any other fluid, so that they are 
never wetted by it, and, when immersed in it, they always 
retain a film of the last fluid that touched them. Henoe 
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the precautions neoessaiy for remoying the film of air from 
the izmer sur&ce of the barometer-tube bo as to bring the 
mercury into contact with the glass ; but as this contact 
cannot be insured on the otdside of the tube, where it is 
immersed in the cup, a film of air is always retained on this 
port of the tube, and also at its under edges, which film 
creeps by small portions at a time into the interior, and 
rises up in innumerable bubbles into the vacuum, the film 
being constantly renewed by the descent of more air be- 
tween the outside of the tube and the mercuiy in the cup, 
and thus the outer air slowly insinuates itself into the 
barometer. In this way the most carefully constructed 
barometers have become deteriorated in the course of years, 
as was shown by Professor Daniell, on .a comparison of 
the registers of the celebrated Meteorological Society of 
the Palatinate. 

In the register kept at Mannheim for twelve years from 
1781 to 1792 inclusive, the mean height of the barometer 
for the second six years is -062 inch lower than that of the 
first six years. 

In the register kept at Padua, during the same period, 
the mean of the last six years is '044 inch lower than that 
of the fiiist six. 

In the register kept at Rome the average of the last six 
years is lower than that of the first by '114 inch. 

At Buda the difference is '035 incL At Brussels '044 
inch. At Munich -026 inch. From the summit of Peisen- 
berg, a mountain in Bavaria, *026 inch; and from the 
summit of Mount St. Gothard, the depression is also 026 
inch. 

This irregular and uncertain deterioration of barometers 
cannot be too greatly deplored, because it vitiates the 
observations of all those earnest and competent observers, 
who, during many years, have devoted daily portions of 
their valuable time to a record of the oscillations of the 
barometer at various stations. Indeed, until the defect 
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oomplamed of was remedied hj Profe»or DBniefl, the great 
man of barometrical obaervatioiis can acaroely be said to be 
of any scientific yahie. The only means of preventing this 
deierioratioii of the barometer is by making the bottom of 
the tnbe of some sabstanoe which attracts mercory in pre- 
ference to air, so as to be wetted by the mercory. Now, as 
the metal platinnm possesses the rare property of vfeUUng 
with glass, that is^ of uniting with glass when softened by 
heat, it oocnrred to Professor Daniell to nnite a ring of 
platinum with the open end of the barometer-tnbe, so as to 
bring it into contact with the mercury, thus eflfectnally pre- 
^ venting the ingress of air into the tnbe. 

21. The same distingaished philosopher also invented s 
new mode of filling barometer-tnbes, which, with fiir leas 
difficulty and danger, insures as much accuracy as by the old 
method. The improvement consists in pouring the mercory 
into the tube while both are under the exhausted receiver of 
a good air-pump. Care is required to prevent any splashing 
of the mercury as it dssoends into the tube, for this causes 
bubbles of highly-rarefied air to become entangled between 
the mercury and the glass ; this, however, is prevented by 
pouring the mercury through a long slender funnel extend- 
ing to the bottom of the tube, and dipping into a small por- 
tion of mercury previously introduced, and boiled. By tlus 
means all agitation is confined to the tube of the funnel, 
which, on being removed, and filling up the barometer-tube, 
the only part containing bubbles is that last filled ; and as 
these bubbles are formed by the highly-rarefied air of the 
exhausted space, they shrink into invisible points on ex- 
posure to the common pressure, and on inverting the tube, 
the last portion containing these bubbles is expelled, and the 
tube left perfectly free of air. 

In making the standard barometer for the Royal Society, 
Professor Daniell not only followed this process, but afteiv 
wards boiled the mercury still in vacuo ; and he noticed, as a 
striking proof of the absence of air and the perfect contact of 
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the mercury with the glass, that although the bore of the tube 
was more than half an inch, yet, on inverting it, the fluid did 
not at once faJl to its usual height, but remained suspended to 
the top of the tube, as water would have done in the same 
tube, until detached there&om by a few concussions. Yet 
this fine instrument, having no platinum guard, as just de- 
scribed, was found after two years to grow dim (like an old 
looking-glass),* from the insinuation of air-bubbles between 
the glass and the mercury, so that the tube had to be re- 
filled as before; but, in doing so, a ring of platinum was 
added to the open end, which has since preserved the instru- 
ment from deterioration. 

22, As the excellence of a barometer chiefly depends on 
the absence of all matter except mercury from the tube, we 
may test its value by three indications : — First, by the bright- 
ness of the mercurial colunm, and the absence of any flaw, 
speck, or dulness of surface ; secondly, by the ba/romeiric 
light, as it is called, or ^flashes of electric light in the Torricel- 
lian vacuum, produced by the friction of the mercury against 
the glass, when the column is made to oscillate through an 
inch or two in the dark ; thirdly, by a peculiar clicking 
sound, produced when the mercuiy is made to strike the top 
of the tube. If air be present in the tube, it will form a 
cushion at the top, and prevent, or greatly modify, this 
cUck. 

* Professor Daniell remarks : — ** There is a defect which may often he 
ohserved in old looking-glasses, which may prohahly he referred to the 
same cause as the deterioration of barometers. I allude to a dulness 
which takes place in large spots over their surface, and which generally 
seems to radiate from the centre. I have frequently remarked this in the 
very old mirrors in some of the palaces upon the continent. I imagine 
that this arises from- the slow insinuation of air by the edges, or some 
accidental crack in the metal at the back of the glass.'' A damp wall will 
also produce a similar effect upon looking-glasses, the moisture probably 
favouring the entrance of the air. See *' Elements of Meteorology," 
vol. ii. : London, 1845. The two essays on the construction and dete- 
rioration of barometers, are admirable specimens of patient research, 
which ought to be studied by every one interested in the subject. 

e2 
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23. The sectdonal area of the tube is of no pi^. 16. 
conaeqaence to the height of tlie oolmnn of 
mercary supported. If the^ sectional area be 
equal to one square inch, the oolumn of 
mercurj ab, Fig. 16, 30 inches high, will be 
counterbalanced by a column of atmospheric 
air one inch square, and extending from the 
Burfece of the mercury in the cup b, to the 
top of the atmosphere ; and as we know the 
pressure of the air to be about 15 lbs. on the 
square inch, so the column of mercury, one 
inch square, in the barometer-tube, weighs 
about 15 lbs. I^ instead of mercury, we 
take 15 lbs. of water, and form it into a 
column 1 inch square, we get in such caue a 
height of about 32^ feet. If 'the sectional 
area of the tube of the mercurial barometer 
be only half an inch, the column of mercury HaytJ--*-// 
will still retain the same height, for it is coun- 
terbalanced by the same height of atmosphere, only the 
column of atmosphere has in this case a base of only half 
a square inch, instead of an incL So long, therefore, as the 
atmosphere presses with the same intensity upon the sui&oe 
of the mercury in the cup, the column suspended in the tube 
will be of the same height, whatever its internal diameter. 

The height of the mercurial column must be measured 
from the sur&ce of the mercury in the dstem, — ^from b, 
Fig. 16, for example. Now it will be obvious that the level 
of this surface must always change with the oscillation of the 
column : when the atmospheric pressure increases, and the 
mercuiy in the tube rises, a portion of the metal is drawn 
out of the dstem into the tube, and the level of the mercury 
in the dstem is depressed : so, on the contrary, when the 
atmospheric pressure diminishes, a quantity of mercuiy is 
forced out of the tube into the cistern, and the level of the 
metal in the latter rises. If, therefore, the instrument be 
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furnished with a fixed graduated scale adjusted to the top 
of the column when the distance between it and the level of 
the mercuiy in the cistern a b, Fig. 16, is exactly 30 inches 
(this being what is called the neutral pomt of the instru- 
ment), it will be evident that when the top of the column 
sinks to 29 inches on the scale, the distance between, the 
two extreme points will be somewhat less, depending on the 
capacity of the cistern^ in which the mercury rises at the 
same time that it feJls in the tube. So also, if the cohmm 
rise to 31 inches, the distance will be rather more than 
this, on account of the additional quantity of mercury 
drawn into the tube. If the cistern be a section of a cy- 
linder, with a flat bottom, bearing a certain known propor- 
tion to the bore of the tube, such as 1 : 100, and the mer- 
cury rise 1 inch above the neutral point, then as much 
mercury will be withdrawn fi:x)m the cistern as fills 1 inch 
of the tube ; but as the base of the cistern is 100 times 
greater than the bore of the tube, it is obvious that this inch 
of mercury in the tube would cause a fell of only yj^th of 
an inch in the level of the mercury in the cistern ; or, in 
other words, the fall of -riir*^ ^^ ^^ ^^^. ^ *^® mercury in 
the cistern is accompanied by a corresponding rise of -^^ths 
in the tube. A similar effect is produced by any other change 
in the height of the column, so that, if the inches on the 
graduated scale be made each y^th part less than an inch, 
the instrument will afford tolerably correct results. In some 
instruments, however, the scale, accurately divided into inches 
and parts of inches, is made moveable, and terminates in an 
ivory point, which is brought down to the surface of the 
mercury. When this point and its reflection appear to be in 
contact, the height indicated by the scale is correct. In other 
forms of the barometer, the mercury in the cistern is always 
msdntained at the same level, for which purpose the cistern 
is formed partly of leather, so that, by means of a screw at 
the bottom, the surface of the mercury may always be ad- 
justed to the neutral point before taking an observation. The 
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cistern is also sometimes proTided with a gauge or float, 
which indicates when the mercuiy in the cistern is too high 
or too low. Bj turning the screw one way or the other, the 
mercury in the cistern is adjusted to the proper leveL Wben 
there is no gauge, the relative capacities of the cistern and 
tube are ascertained and marked on the instrument, together 
with the neutral point. In an example given by Mr. Sel- 
ville,* the capacity for every inch of elevation of the mercmy 
in the tube is supposed to be equal to r^, which, reduced to 
a decimal = 0*025 in. per 1 inch, 0*013 in. per ^ inch, 
0*007 per \ inch. 

Inches. 
Then if the observed height = 30*400 
And the neutral point be » 30*000 

The difference above thel . .^^ 

neutral point will be / 

Then add for capacity + *010 

The correct height wiU be 30*410 

In this case the observed height is above the neutral 
point ; in the following example it is below it : — 

Inches. 

Observed height , . 29*500 

Neutral point 30*000 

Difference below neutral point. . *500 
Subtract for capadtj — *013 

Correct height 29*487 

24. As the range of the barometer^ in this country is 
limited to about 3^ inches, it is not necessary to commence 
the scale from the neutral point : the divisions usually begin 
at the 27th inch, and are continued to the Slst. But in 
instruments intended to measure the height of mountains, or 
for accompanying balloons, the scale begins at the l^h or 
15th inch. Each inch is divided into ten parts, and these are 

* A Manual of the Barometer, bj J. H. Belville, of the Royal Obser- 
vatory, Greenwich : London, 1849. This cheap but excellent little work 
ought to be in the hands of every one who uses a barometer. 
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subdivided into hvmdredtliB by 
means of a email sliding scale, 
called a vernier or no»M»»,* at- 
tached to the aide of the large 
scale, as in Fig. 17. It measures 
exactly one inch and one- tenth in 
length, and is divided into ten 
equal parts, numbered trtaa the 
top downward ; while the divi- 
sions of the indies of the scale 
are numbered &om the bottom 
upwards. Now as 10 diviaons on 
the vernier are eqimlto 11 on the 
scale, and as these 10 are all 
equal to each other, it follows 
that each diviraon of the former 
must be equal to l-^th divifdon 
of the latter, or to iVcrth inch. 
I^ therefore, any division of the 
vernier coincide, or is in a line 
with a division on the scale, the two 
lines immediately above or below 
those which coincide, will be sepa- 
rated by a distance exactly equal 
to T^th inch ; the pair, two 
divisioDs removed from the first, has 
of an inch, and so on. Thus, 
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deviation of yfir*'* 
Fig. 17, the line marked 6 
coincides with the line 28'9 on the scale ; 
but the two lines immediately above them, marked 5 and 
29, do not exactly coincide ; and this want of coincidence 
must amount to thjtb of futli of an inch, or y^ of an inch 
In the oezt two lines, marked 4 and 291, it will be 

' So called from Peter Vernier, « gentlemaa of Francbe Coropt^, who 
iJMeribed it in a tract printed at BraBsela, in 1631. The word noniia n 
deriTfd from Peter Nannez, or Nonini, nt hi» name has been Latiniied, 
a Portngneie mathBmaticUn, bora at Alcazar, in M97. 
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seen that they fiul to coincicle by iV^ ^^ iV^^ ^^ ^^ indi, 
or Y^th of an inch. In like manner the lines marked 3 and 
29-2, 2 and 29*3, 1 and 29*4, and and 29*5, deviate 
from each other respectii^ely bj t^^ t^^ tSt;^ '^'^ 
•Y^th of an inch. The same measming will also apply to 
the lines tdtnated below the coincident lines marked 6 and 
28*9 : thus 7 and 28*8, immediately below them, ^ fiul to 
coincide by T^th of an inch, and so on with respect to the 
others. The point to be attended to is that a diviaion on 
the vernier is ^^th of an inch larger than a diyision on the 
scala 

In applying the vernier to measure off small portions of an 
inch in the height of the barometer, we first notice the 
height of the column by the fixed scale, which, in Hg. 17, 
is more than 29*5 inches, bat less than 29*6. In order to 
measure the hundredths of an inch, we place the zero or toip 
of the vernier scale, exactly level with the top of the mer- 
cury. We next observe that^ of all the lines on the vernier, 
only one can coincide with a line on the scale. In the Bgare 
the line marked 6 on the vernier, coincides with a line on 
the scale, and as from the top of the mercury to these coin- 
cident lines^ there are six pairs which do not coincide ; and 
as each pair deviates by y^th of an inch more tlum the pair 
below it, the uppermost pair must evidently differ by tIv^ 
of an inch. We thus get the height of the mercuiy in <me 
figure, which is 29^ inches and t^^ inch, or, expressed 
decimally, 29*56. 

25. The words ** Change," '' Fair," and '' Bain " engraved 
on the plate of the barometer, are calculated to mislead ; 
for, as Mr. Belville remarks^ "from the observations of 
two centuries we find that heavy rains^ and of long ocm- 
tinuance, take place with the mercuiy at 29*5 inches, or 
' Change ;* that rain frequently &11b when it stands as high 
as 30 inches, or ' Fair ;* and more particularly in winter, a 
fine bright day will succeed a stormy night, the mercury 
ranging as low as 29 inches^ or opposite to * Bain.' It is 
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not SO much the absolute height as the actual rising and 
falling of the mercury, which determines the kind of weather 
likely to follow." Instrument-makers still continue to en- 
grave these words on the scale, apparently for no other 
reason than old-established usage; their customers would 
probably think the instrument imperfect without them, just 
as the readers of *' Moore's Almanac" insist upon having the 
supposed influence of the planets upon the different members 
of the body entered for every day in the year. Indeed, the 
defects of the common barometer, as it leaves the hand of 
the instrument-maker, are so serious as to render this instru- 
ment almost worthless to science. "In the shops of the 
best manufacturers and opticians," says Professor Daniell, 
^^ I have observed that no two barometers agree ; and the 
difference between the extremes will often amount to a 
quarter of an inch : and this with all the deceptive appear- 
ance of accuracy which a nonius, to read off to the dOOth 
part of an inch, can give. The common instruments are mere 
playthings, and are by no means applicable to observations 
in the present state of natural philosophy. The height of 
the mercury is never actually measured in them, but they 
are graduated from one to another, and their errors are thus 
unavoidably perpetuated. Few of them have any adjustment 
for the change of level in the mercury of the cistern, and in 
still fewer is the adjustment perfect : no neutral point is 
marked upon them ; nor is the diameter of the bore of the 
tube ascertained : and in some the capacity of the cisterns is 
peipetually changing from the stretching of a leathern bag, 
or from its hygrometric properties. Nor would I quarrel 
with the manu&cture of such playthings ; they are calculated 
to afford much amusement and instruction ; but aU I con- 
tend for is, that a person who is disposed to devote his time, 
his fortune, and oftentimes his health, to the enlargement of 
the bounds of science, should not be liable to the disappoint- 
ment of finding that he has wasted all, from the imperfection of 
those instruments, upon the goodness of which he conceived he 
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had good grounds to rely. The qnestioiuSy now of intereai to 
the sdenoe of meteorology, require the measurement of the 
dOOth port of an inch in the mercurial column ; and not- 
withstanding the number of meteorological journals, ^which 
monthly and weekly contribute their expletive powers to 
the numerous magazines^ joumaLs, and gazettes, there are 
few places, indeed, of which it can be said that the mean 
height of the barometer for the year has been ascertained to 
the 10th part of an incL** 

26. The barometer ought to be fixed in a truly vertical 
position, and if possible with a northern aspect, in order 
that it may be subject to as few changes of temperature as 
possible. It is usual, for the sake of comparison, to reduce 
the observations to 32°, for which purpose tables for correc- 
tion for temperature are given in scientific works devoted to 
the subject of the barometer. *' The height of the cistern of 
the barometer above the level of the sea, and, if possible, the 
difference of the height of the mercury with some standard, 
should be ascertained, in order that the observaticms made 
with it should be comparative with others made in different 
parts of the country. Before taking an observation, the 
instrument should be gently tapped, to prevent any adhesion 
of the mercuiy to the tube ; the gauge should be adjusted to 
the surface-line of the cistern, and the index of the vernier 
brought level with the top of the mercury." The appli- 
cation of the barometer as a weather-glass wiU be noticed 
hereafter. 

27. Various contrivances have been made for increaeing 
the length of the scale, or for making it more convenient for 
use. The most popular form is the common wheel-baro- 
meter, or wecUher-gkuSf as it is called. In this instrument, 
the tube, instead of terminating at the bottom in a cistern, 
is recurved so as to form an inverted siphon, as in Fig. 18. 
As a rise of the mercury in the longer or closed limb is 
equivalent to a fidl in the shorter limb, and vice verad, a float 
is placed on the sur&ce of the mercury in the shorter limb. 
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and is connected with a string pMaing over a pulley, md 
. very nearly balftnoed by another wei^t on the other mie of 
the puUey. An index hand attached to the pulley moves 
over the s<ufaoe of a dial-plate, graduated bo as to indicate 
the oedllatious of the mercurial column. With an increase 
of atmospheric pressure the mercury in the longer tube 
riaes, and that in the short tube is depressed, together with 
the float, uid this gives a small motion of revolution to tlie 
pulley, and also to the attached index hand. A iall in the 
longer column causes the mercury with its fioat in the short 
limb to rise, and consequeutly moves the Index hand in the 
contrary direction. 

The siphon form of barometer, as commonly made, is 
inferior to the cistern barometer, because a change of pres- 
sure, each as would make a difference of 
nearly an inch in the upper level of the ^' '*' 

latter, would show but half an inch in 
each level of the fdphon ; for although 
the Bur&oea of the mercury in the longer 
and Sorter limbs would be an inch &r- 
ther apart, that inch would be com- 
pounded of a rise of half an inch at one 
sur&ce, and a corresponding fall at the 
other. The unit of measure, therefore, 
becomee only half aa great, and necessarily 
dinunishes in utility. In our figure, how- 
ever, the upper end of the tube is ex- 
panded into a bulb, in order that, by en- 
larging the upper sur&ce of the mercury, • 
the difierence of level may be made to b 
depend almost entirely on the lower snr- ] 
&ce, giring the sune advantage as in a 
common barometer with a cistern of the 
aame horizontal area as the bulb. 

28. Hie desire to produce a more deli- 
cate measure of the atmospheric pressure has led to the 
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constructioD at yarions times of a uxUer-iarometery the Iowa- 
surface of the water being protected from direct contact 
with the air by a layer of some more permanent liquid, socfa 
as oil, or some elastic solid, such as India-rubber. Soon 
after the invention of the barometer, a water-barometer was 
constructed by Otto Giiricke (the inventor of the air-pump), 
and afterwards by Mariotte. It was supposed that the 
greater range of its oscillations would measure more minute 
changes of pressure. An instrument of this kind was con- 
structed by Professor Daniell for the Koyal Society. It 
consists of one entire tube of glass, which was drawn oat to 
the length of 40 feet without much difficulty. Its diameter 
is about an inch, and the average height of the fluid column 
400 inchea When onginaUy put up in the year 1832, the 
water in the cistern was covered with a layer of castor oil ; 
but as that did not prevent the admission of the outer air, 
it was found necessary to refill the tube. This was done 
in January, 1845, and a solution of caoutchouc in naphtha 
was substituted for the castor oiL In windy weather this 
barometer appears to be constantly fluctuating, indicating 
numerous changes of pressure, which have no sensible effect 
on the most delicate mercurial barometer ; the column 
appears to be in a state of perpetual motion, compared by 
Professor Daniell to the slow act of respiration. But the 
most important result is, that this instrument precedes by 
one hour the mercurial barometer of half an inch bore, as 
this does the mountain barometer of 0*15 inch bore, by the 
same interval in their horary oscillations ; showing that, 
while philosophers are disputing about the hours of the 
maxima and minima, much depends upon the construction of 
the instrument observed. 

29. For the measurement of heights, and as a companion 
for the scientific traveller, the barometer has been made port- 
able. The portable barometers of Qay Lussac, of Troughton, 
an{l of Fortin, are those best known. In making an obaer- 
vation, the barometer can be hung to the upper part of a 
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tripod stand, aa in Fig. 19, the 
stand itself Berving aa a secure 
case for packing and conveying 
the inBtrument. Qay Liiasac's 
barometer is of the aiphon form ; 
that of the other two makers 
H -whaA the French call d eu- 
vetle, that ia, vitb a ciBtern. Aa 
the level of the mercury rises 
or falls in the tube, it &tls or 
rises in the cistern, and in order 
to measure correctly variations in 
the length of the column, these 
two changes of level must be 
attended to, as already explained 
(33y For this purpose, the 
bottom of the cistern is moveable ; 
it is formed of leather, and rests 
upon the flat extremity of a 
screw a, Fig. 19, and shown on a 
laiger scale in E^. 20. By turn- 
ing this screw in one direction, the 
bottom of the oiateru will evi- 
dently be nused, and in the other 
direction lowered, and the level of 
the mercury in the cistern will 
undergo a corresponding change. 
Henoe this level can always be 
adjusted to the neutral point 
before talking an obaervation, so 
that the variationa in the mercu- 
rial column may truly represent 
variations in atmospheric pressure. 
To fiiolitate this operation, the 
ciatem is furnished with an ivory 
point, which descends exactly to 
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the level of the zero, or neutral point of the '«• 20. 

scale, and the mercury is screwed up or 
down until the real and the reflected ends 
of the ivory appear to coincide ; or, as in 
Fig. 20, which represents the dstem of 
Troughton's instrument, the screwis turned 
so as just to exclude the light from passing 
between the sur&ce of the mercury and 
the upper edges of the slits in the brass 
cover with which the dstem is provided, 
the upper edges of the slits representing 
the commencement of the scale of inches. 
The tube is also inclosed in a brass case, 
the lower part of which contains a thermo- 
meter. The divided scale comlnences at 15 
inches above the neutral point, and is con- 
tinued as high as 33 inches, each inch 
being subdivided into 1,000 parts by means 
of a vernier, e, Fig. 19. A slit from end to end of the divided 
scale exposes the glass tube and the mercury. In taking 
the height of the mercury, the vender point is brought down 
so as just to exclude the light from passing between it and 
the spherical surface of the top of the column of the mercury. 
In order that the observation may be correct, it is neoenary 
that the. barometer be exactly vertical, for if inclined, the 
space occupied by the mercury would have a somewhat 
greater length than that which is really due to atmospheric 
pressure. The head of the tripedal staff is therefore con- 
structed somewhat in the same manner as the gimbals which 
support a compass-bowl or a chronometer. The i4>plicalion 
of this instrument to the measurement of hei|^ts will be 
notioed further on (56). 

30. An iDstrument named the aneroid* barometer has 
been invented by M. Yidi of Paris. Its action depends on 

* From two Greek words, lignilyiiig without flaid, i. e., neither 
mercnrj nor water ii need in its conatmetiott. 
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the effect produoed by the pressure of the atmosphere on a 
metallic box deprived of air and hermeticallj sealed. An 
index traversrog a dial, Fig. 21, records the changes in the 
weight or pressure of the air on a given surface. It is 4| 
inches in diameter across the face, and If inch thick. 
It is graduated to correspond with the mercurial barometer, 



Fig. .21. 




and two small thermometers are fixed on the &ce of the 
dial, one graduated according to the Centigrade and the 
other after Fahrenheit's scale. Fig. 22 shows the internal 
construction, as seen when the i&oe is removed, but with 
the hand still attached, a is a flat circular box of white 
metal, about \ inch in depth, with the surfikces corrugated 
in concentric circles, to give it greater elasticity. This box 
being exhausted of air through the short tube o, and then 
made air-tight by soldering, forms a spring, which is affected 
by every variation of pressure in the external air.. This box 

f2 
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u attftdied to the bottom <^ the metallic case wliicli ituiomem 
the mechaniBm of the iiutniment. At the centre of dte 
upper Bur&oe of the elastic box is a aolid prcgectiofx, c, 
about half en inch high, to the top of which the princap*! 
lever d f i is attached. This lever rest* partly on a spiral 
qning at i, and is also supported by two vertical pins, 

FiB.22. 




with perfect freedom of motion. The end o of the prin- 
cipal lever ih attached to a second or small lever, bom 
which a chain, n, extends to the centre, where it works on 
a drum attached to the arbour of the hand. A hair^ring, 
the attachments of which are made to the metallic plate l, 
ngnlatea the motion of the hand. 

As the weight or pressure of the atmosphere is increased 
or diminished, the surfitce of the elastic box a ia depressed 
or elevated, and this motimi is oommonicated throngh the 
levers to the arbonr of the hand. The sinral sprinf^ on 
which the lever rests at I, ia intended to omnpeniate for 
the efiecta of alteratums in tempeiatnro of the minute por- 
taon of air which the box must oontain, however porfeot 
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the exhanstion. The actual movement at the centre o£ the 
elastic box, from whence the indications emanate, ia vety 
slight ; but this is increased 657 times at the point of the 
hand ; so that a movement to the extent of ^nd part of 
-^th of an inch in the box carries the point of the hand 
through 3 inches on the dial The tension of the box 
in its construction is equal to 44 lbs. At the back of the 
outer case is a screw to adjust the hand to the height of a 
standard mercurial barometer.* 

31. There are other harcmietirical instruments of greater 
or less utility, which have been introduced at various 
times for measuring the absolute pressure or elasticitj of 
any fluid in which they are placed. We must refer to larger 
treatises for an account of these instruments, but we may 
notice the prmciple upon which certain instruments, called 
diffhr&ntidl hwrovneiiers, are constructed. They consist essen- 
tially of a portion of liquid placed in the bend of a siphon 
"tube shaped like the letter XJ, having its two ends open 
to the two fluids whose pressures are to be compared. The 
difference of these pressures causes a depression of the liquid 
in the leg exposed to the greater pressure, and an eleva- 
tion in the other leg ; the column of liquid thus suistained 
balancing the excess of pressure on the lower level above 
that on the upper. The difference of pressures is exactly 
measured by the difference of tiiese levels. 

Such an instrument, ^Ui tnercuiy as the measuring fluid, 
forms tiie common merewrial gauge used iot showing the 
elasticity 6f steam in the boiler and other parts of a steam- 
engine. One end of this tube, a, Fig. 23, being inserted 
in the boiler, cylinder, or condenser, and the other end 
being open to the air, the rise of the mercury in the outer 
limb sdiows Ihe excess of the elasticity of the steam above 
that of the external air ; or, with another form of instrument, 
where the inner limb next the boiler is twice the length of 
the outer, its depression in the outer limb, and its rise in 
* Redwood, Fbarmacetttical Joumd. 
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the inner, sihow the excess of the atmo- F%- 2S. 
spheric pressure over that of the unoondeiised 
vapour remaining in the condenser; or over 
that of the low-pressure steam, when such is 
uised. In either case, as the support of 30 
inches' difference of level in the mercury re- 
quires a pressure, or difference of pressures^ equal 
to the atmospheric pressure, or about 15 lbs. 
per square inch, the difference of pressures will 
alwajB amount to about half as many pounds 
per square inch as there are inches between the 
two levels of the mercury. A scale attached to 
the gauge indicates the amount of pressure at a 
glance. 

The use of steam of very high elasticity in 
marine, and especially in locomotive engines, re- 
quiring the extension of this instrument to an 
inconvenient length, has led to the substitution 
of spring-preaaure gauges, which, although firee 
from the inconveniences of the mercurial gauge, 
are inferior in principle, because, as every spring 
is constantly weakened by use, the value of the 
scale of these instruments must be constantly 
changing. 

32. When the difference of the pressures to be compared 
is very small, the difference of level in the mercury is not 
easily measured ; all that is necessary to increase the delicacy 
of the instrument is to substitute a lighter liquid, such as 
water, which being, as we have seen (13), raised nearly four- 
teen times higher than mercury by the same pressure^ renders 
the indications nearly fourteen times more delicate. This 
simple instrument, a siphon tube. Fig. 24, containing a little 
water, was applied by Dr. lind as an anemoaoope, or mnd- 
mecuwrer, one end of the siphon being bent horizontally, so 
as to face the wind. The two limbs of the tube were each 
about 9 inches long, and -f^ths of an inch in diameter, and 
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they wen connooted at their lower extremitiea "k- ^*' 
by a amaller tobe -^Hi of an inch in diameter, 
for the pnrppee of retarding the quick oacilli4- 
tioDs of the fluid by irregular blasta of wind. 
A. scale of inches is placed between the two 
limbs, the zero corresponding to the level of 
the fluid in both tubes when subjected to 
equal pressures. In our figvire the two levels 
being each 1^ inch frtmi zero, their difference 
is equal to 3 iiu^ea. It wm found by this 
instrument, that the di^rence of pressures on 
the windward and leeward sides of any object, even in the 
greatest gales, bean but a very am^ proportion to the whole 
pressure, for, while the latter b capable of supporting from 
29 to 30 inches of mercury, or from 32 to 34 feet of water, 
the eolomn of water supported in the wind-gauge never ex- 
oeeda a few inches. While the average pressure of the air in 
all directions, therefore, amounts to 14^ or 16 lbs. on a square 
inch, or above 2,000 lbs. on a square foot, the difference of 
this pressure in different directions, produced by wind, never 
exceeds 15 or 20 lbs. on the square foot, even in the greatest 
stotiOB of our climate. 

Aa this difference of pressures been a simple relation to 
the velocity of the wind, the latter is easily calculated from 
it ; and in this manner the following table has been con- 
structed, to show the velocity and the pressure on a square 
foot of sur&ce corresponding to dJferent heights of water 
supported in the gauge, and to diffiirent familiar dengnatious 
of the intensity of wind. 

I>(rifii>tiiHi VtloeUj In laebei of ntsi PntBn on 



Gentle breeie 


3-25 


001 


0-83 


FlMuntbr«.« 


es 


O'tM 


3-33 


High wind 


1G'2S 


0-3S 


lib. 6<n. 


Storm or gsle 


32-5 


1- 


&lbs. 301. 


Grwt storm 


56 29 


3- 


ISlbi. 9 01. 


HoTrioDe 


79-61 


6- 


31 lbs. 3oi. 




«■ 


4Slbi.)2oi. 



5S comMMcnowB torn cafiulabrt aitd hb^t. 

Henoe it appears that the presNixe increases as the 
of the wind's Telocit;f , as wifl be seen b j comparing etther of 
the two latter columns of the table with the second. 

This simple and elegant instroment has^ like the mer- 
cmrial steam-gauge, been snperseded b j the moie manageable 
but less aoeniafce measoie afforded bj the compieaBion cf a 
spring. Machinery connected with snch a spring has been 
made to move a pencil over paper, so as to keep a ccNitinual 
register of the variations in the intermfy of wind as well as 
in its direction ; and the registers so kept for the last few 
years have elicited some remarkable fiicts in meteorology, 
and must conduce greatly to its progresa A fine amemo- 
meter, or machine of this kind, is erected on the rcx^ of the 
Boyal Exchange in London, and is made to r^;ister its 
indications in a room below.* 

33. There are a few other sources of error, in addition to 
those already mentioned, for which allowance must be made 
in estimating fluid pressures. One of these is the efiEect of 
capiUarity already alluded to. In the water-barometer 
capillary attraction raises the water somewhat higher in the 
tube than ia due to pressure alone, but in the mercurial 
column it is somewhat lower, so that in nice observations a 
correction has to be made for capillarity. 

In a tube of small bore, when the mereuiy is rimngf its 
surface is convex ; when it is faJOkng, it is concav^ as if the 
centre of the fluid column always preceded the sides in aU 
its motions ; as the centre of a river or of a glacier moves 
&8ter than its sides, which are retained by friction against 
the banks. 

Another effect is due to heat, the general tendency of 
which is to expand all bodies. Henoe a rise in the baro- 
metric column may be due to increased atmospheric tem- 
perature, and not to increased pressure ; but as this will also 
operate on the graduated scale, and also on the glass of the 
barometer tube, these different expansions may, to a certain 
* See the Eiaay on Aoemometry, in the Appendix* 



JSy F E CTS OF HEAT ON AIB8. 59 

extent, oorrect each other. But as solid metals, such as the 
scale is made of, and mercury and glass, expand unequally 
from the effects of temperature, it is necessary, in very nice 
observations, to apply certain corrections : for common pur- 
poses, however, these corrections may be neglected. 

34. This leads us to the consideration of the effects of 
temperature upon aeriform bodies. 

Under ordinary circumstances the elastic force of air 

varies in the same ratio as its density, provided, however, 

that its temperature remains unchanged. This element 

must always be taken into accoimt in all comparisons of 

density and elasticity, because change of temperature iti. any 

body is necessarily attended by a change in the relations of 

its density and elasticity. When, therefore, it is stated that 

an increase of temperature produces an increase in the bulk 

of a body, or, in other words, a diminution of its density, we 

suppose its elasticity to remain unaltered, which would 

necessarily be the case if always confined or prevented from 

further expansion by the same degree of pressure, such as 

the common atmospheric presstire. An alteration of this 

pressure, however, even although amounting to its entire 

removal, or to its increase several times, produces so little 

change in the density of solids and liquids, compared with 

the change produced by a single degree of temperature, that 

these changes may be totally neglected in stating the effects 

of heat on those bodies. But the case is very different with 

gases, and we now proceed to study the simple and beautiful 

relations between their properties and their temperature. 

As any change of density is accompanied by a similar pro- 
portion^ change of elasticity when the tempei^ture remains 
oonstant, so any changes of density and of temperature are 
simply proportional to each other when the elasticity remains 
<^n8tant, and so also are all changes of temperature and 
elasticity proportional to each other when the density 
^^mains oonstant. Any one of these three elements being 
unchanged, the changes of the other two are proportional to 
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each othec; no one element of the three can be altoned 
without altedng one of the others^ but it may be either one ; 
and when any two of them are constant, the third is also 
constant : so that, any two of them being given^ the third is 
known. 

Hence an increase of temperature does not necesaaiily 
cause bodies to expand, for this expansion may be restrained 
by the application of sufficient pressure ; but tins pressure is, 
in the case of solids and liquids, so great, or, in other irords, 
their increase of elasticity is so great, for small increments of 
heat (supposing their bulk to remain constant), that probablj 
no available amount of mechanical force could sensibly pre> 
vent their expansion. But the expansion of air is to aome 
measurable extent impeded by the smallest measurable 
pressure ; and even a change of pressure that would double 
its bulk may be prevented from causing any expansion, by 
inclosing the air in a vessel of moderate strength. But as 
air, however small in quantity, always fills the vessel in 
which it is inclosed, it is evident that no change of tern- 
perature can in this case alter its bulk except by bursting 
the vessel If the vessel be strong enough to prevent this, 
the inclosed air, although its density be unaltered, must 
have the repulsive force of its particles, that is, its elasticity 
increased by increase of temperature ; so that, if the elasticity 
of the external air remain unchanged, the vessel will have to 
bear a greater pressure on its inner than on its aateir sur- 
&ce; and when the difference of these two pressors 
becomes greater than its cohesion, it will burst, as happens 
with an inflated bladder held near the fire. The warm air 
thus liberated suddenly expands, until its elasticity beoomes 
equal to that of the surrounding cold air, although its den- 
sity is less than that of the latter, so that it will ascend 
through it. 

35. When, therefore, it is said that portions of air and of 
gas expand like other bodies by heat and contract by ccdd, it 
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must always be remembered that this is trae only when 
their elastic force remains unaltered. Otherwise, whatever 
change any degree of heating or of cooling may produce in 
their bulk when the elasticity is unaltered, it will produce 
the same change in their elasticity when their bulk is unal- 
tered. To render the effect of expansion visible and mea- 
surable in these bodies, they must be confined in such a way 
that their elasticity may always balance a constant pressure, 
or a constant height of some liquid. To effect this requires 
much care and accuracy ; but, from very exact experiments 
made in this way, the expansion of airs has been found to 
present the three following remarkable features : — 

First. They are more expansible for a given increment of 
heat than either solids or liquids. For example, steel is in- 
creased in length only -nrsir^) ^^ ^^ hviSs. only 770th, by 
being heated 180° from the temperature of melting ice to 
that of boiling water. But in the case of liquids mercury 
expands about -g^th, water about ^nd, and oil about -^j^th 
of its bulk by the same increase of heat. Air, however, is 
expanded by the same change (its elasticity remaining con- 
stant), no less than iths, so that 8 measiires of air at the 
freezing temperature become 11 at the boiling point of 
water. 

Secondly. That, although each solid and each liquid has its 
own peculiar rate of expansion, yet aU gaseous bodies have 
the very same rate of expansion, namely, that above stated, 
which applies to all gases as well as to atmospheric air. 

Thirdly. That, while all known solids and Uquids expand 
in an vrwreasing rate or with greater rapidity the more they 
are heated, airs on the contrary seem to preserve an eqiuible 
rate of expansion at all temperatures, their increase of bulk, 
for example^ being the same from 0° or zero to 100° as from 
100° to 200*» ; and as their expansion from 32*» to 212* 
Fahrenheit amounts to |ths of their bulk at 32°, it 
follows that every degree on this scale corresponds to a 
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change in their bulk amounting to ^g^th* of the bulk at 
32° (supposing their elasticitj unchanged) ; but if their 
density remain constant (as when they are confined in a give. 
space), then each degree of Fahrenheit alters their elasticity 
hj -s^th of whatever the elasticity would be at 32°. 

Hence, if the temperature of any gas be estimated from 
an imaginary zero 480° below the freezing point of water 
on Fahrenheit's scale, or 448° below Fahrenheit's zeio, the 
temperature so reckoned will be directly proportional to the 
elasticity of the gas when its density is unchanged, or 
inversely proportional to the density when the elasticity is 
unchanged ; or, when either of these two elements is constant, 
the other varies in the same ratio as the temperatoie on 
Fahrenheit's scale, augmented by the constant quantity 448^. 

If we know the numerical measure of the density oor- 
responding to a given elasticity at a given temperature, we 
can then find under any other circumstances the value of 
any one of these three elements when the others are given. 
In the case of common air these data have been measored 
most accurately by Dr. Front, who foimd that when its tem- 
perature is 32°, and its elasticity balances the pressure of 
30 inches of mercury, its density is such that 100 cubic 
inches of space contain 32*7958 grains troy of it. 

The relation of these data is different in different gases. 
Thus, when common air and chlorine have the same tempe- 
lature and the same elasticity, the chlorine is two and a bdf 
times as dense as the air ; while, on the other hand, air is 
more than fourteen times denser than hydrogen of the same 
temperatiure and elasticity. Hence the reason that a balloan 
ascends when filled with hydrogen, which is necessarily of 
the same elasticity as the air which presses on it. But in 
order to render the densities of these three gases equal, the 
hydrogen must have fourteen times tiie elasticity of the air, 

* The reader will easily perceiTe that this number is obtained by diTiding 
180 (the number of degrees between 32° and 212° Vshr.) by |. Keoeot 
experiments, however, assign the fraction -^ or 7^, instead of ^f^. 
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and this must have two and a half times the elasticity of the 
chlorine (supposhig their temperatures equal). But in every 
gas the same simple relations suhsist hetween these three 
properties 5 so that, when the temperature is reckoned from 
— 448°, then any two of the three {femperat/wrey elasticity, and 
density) are proportional, when the third is unchanged. 

36. In order to gain clear ideas of the relations suhsisting 
between the temperature, the elasticity, and the density of 
aeriform matter, it is necessary to limit our attention to a 
volume of air confined in a close vessel, or in a tube such as 
that by which the law of MarrioUe was illustrated (9). It is 
obvious that these relations or laws coidd never have been 
discovered by studying the effects of heat on the atmosphere 
itself j but having once established them by experiment, the 
natural philosopher knows by analogy that what is true on 
the small scale of experiment is equally true on the grand 
scale of nature. Experiments form a sort of index to the 
volume of creation ; they guide us in our search by telling 
us what to look for; and, confiding in the constancy of 
nature's laws, the natural philosopher ascends from a few 
experiments with glass tubes and a little mercury to grand 
and comprehensLve generalizations. 

But, before we can understand the effects of heat upon the 
atmosphere, it is necessary to study another relation between 
heat and air. 

37. All fluids are very bad CGm/dbaxsUyrB of heat, that is, the 
amount of heat which is capable of passing from particle to 
particle without disturbing their relative position is almost 
inappreciable. But the perfect fluidity and great expansive 
power of air renders it a most admirable con/veyer of heat. 

We may illustrate the difference between conduction and 
convection by comparing the action of heat on a solid with 
that on a liquid. If one end of an iron rod be placed in the 
fire, the heat will travel to the other end just as quickly 
whether the rod be inclined upwards or downwards. It will 
also travel very quickly upwa/rds through a tube of water, 
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Fig. 25. 




but it will not travel downwcvrda, or, if it does travel at all 
downwards, it will be so slowly, that a lump of ice sunk to 
the bottom of the tube will not be melted, althou^ the 
water at the sur&ce is boiling, as shown in Fig. 25. Heaoe 
water is called a bad candwctor of heat ; 
but it is a good cowoeyer of heat, as may 
be proved by applying the heat hdow the 
tube. The particles of water at the bot- 
tom immediately expand by the heat, be- 
come lighter than the parts above them, 
and rise up to the surfisu^, while the 
cooler and consequently heavier portions 
descend and occupy their place ; they in 
their turn become heated and ascend, 
while another set of cooler and heavier 
particles descend, and thus a constant 
circulation of currenta is established until 
the whole of the water attains the boiling 
point. But when heat is applied at the sur&ce, no sach 
currents are established, the upper layer becoming heated 
without communicating much, if any, heat downwards. 

It may be supposed that such an experiment as this 
does not apply to the atmosphere heated by the warm rays 
of the sun. It does, however, apply with the greatest 
strictness. The rays of the sun are not warm in passing 
through transparent media, such as air ; they give out no 
appreciable heat until they are arrested by some body capable 
of receiving them, and then, and not until then, is any 
warmth experienced. Even at the equator the air receives 
comparatively no heat from the powerful vertical rays of the 
sun above, but \a heated almost entirely from below by the 
surfaces on which it rests, which are made hot by the rays 
which have passed through the clear air without any heat- 
ing effect. This beautiful provision is necessary to give mo- 
tion to those horizontal currents which produce wind^ and 
those ascending and descending currents which mingle all 
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the particles of air, and tend to preserve its purity, and to 
equalize tlie distribution of beat throughout tbe atmospbere. 
If tlie atmosphere were heated from above instead of from 
beloA^^ it would arrange itself in layers as fixed and deter- 
minate i^th respect to each other as those of a sedimentary 
rock, only increasing in density by night and expanding by 
day 3 all then would be a universal calm ; there woidd be no 
cool gales from the temperate zones to mitigate the heat of 
the torrid or the cold of the Mgid regions ; the one would 
be desolated by heat and the other by cold, and both alike 
xminliabitable. 

But as the solar rays are vertical at only one spot at a 
time, and become more and more oblique as we recede from 
that spot, every gradation of temperature is experienced 
from 120° above to 50° below zero. K we suppose two 
spots on the earth's surface, one situated vertically under the 
sun, and the other receiving his rays obliquely, and conse- 
quently with less heating effect, the greater expansion of the 
air over the former spot wiU cause it to extend altogether to 
a greater height ; but this will not influence the barometer, 
because, although there is a greater height of air on the 
warmer spot, there will be the same absolute quantity on 
both. But as it is impossible for a fluid to remain thus 
heaped up in one spot without tending to assume a level 
suxiiaice, the heap of air above the warmer spot will overflow 
and spread over the colder, thus causing an accumulation of 
more air on the colder place than on the warmer, and the 
barometer will rise at the one place and fall at the other. 
But as the lower stratum at the cold spot will thus be more 
elastic than that at the warm spot, the former will imme- 
diately rush into the latter until their elasticities are equal- 
ized. This motion constitutes vrnid. The equatorial regions 
being constantly more heated than the polar, the atmosphere 
above the former (independently of centrifugal force) must 
always extend higher than over the latter, and its upper 
portions must always be overflowing and tending to produce 

g2 
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1 Bor&ce which is never attained. But this of^wr 
t from Uie equator is snpplied by another corrrait at 
iih'a snr&ce, flowing with equal constancj' towards the 
r. Indeed, these oontraiy currents exist on a small scale 
7 room in which a fire is burning; but they may be beat 
ited in two adjoining rooms, in one of which is a good 
[liie in the other there is none. If the door between 
o rooms be partially opened, the cold air will enter Utt 
room in a strong current ; at the same time the heated 
;he warm room ascends and passes the contrary way into 
Id room at the upper part of the same doorway, while 
! middle of this opening, exactly between the two 
ts, the air appears to have little or no motion. On 
g a lighted candle near the bottom of the doorway. 
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the air is most dense, 
Fig. 26, the flame will be 
ly drawn towards the 
I room ; and, if held near the 
the door, as at c, it will be 
towards the cold room with 
hat less force, while mid- 
etween the top and bottom, 
b, the flame will scarcely 
turbed. Cases of this kind 
ustiations of the oonvection 
It, similar to that which 
place in a boiler ; and a 
r process is carried on in 
eat atrial ocean, the whole mass of which is kept in 
oal circulation by the partial application of the sun's 

An upper current of warm air is constantly flowing 
he equator towards the poles to supply the place of the 
current, which flows in the contrary directioii near 
xth's sm'&ce, and forms, in certain latitudes, what are 
the Trade-windt. 

The tendency to the equalization of elasticity and of 
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beat in the atmosphere, or, in other words, to equality of 
pressure in all parts of the same horizontal stratum, and to 
equality of heat in all parts of the same vertical column, is 
the cause of all winds, however they may be modified by 
local circumstances. Equalization of heat, however, does not 
imply an equal temperature. The quantity of heat required 
to effect a given change of temperature in a given portion of 
air depends on its bulk rather than on its weight, because 
the specific heat or capacity of air becomes greater the more 
it is rarefied ; so that by suddenly rarefying a portion of air 
its temperature is instantly lowered, and when suddenly 
condensed its temperature rises ; the new temperature thus 
acquired being, however, in each case only momentary, be- 
cause the equilibrium of temperature is immediately restored 
by the surrounding bodiea Bat this change of temperature 
is permanent when produced by the removal of a portion of 
air from a denser into a rarer stratum, or vice versa. Thus 
if a portion from the earth's surface could be transported to 
any height, so as to be relieved of a portion of the atmo- 
spheric pressure, its consequent diminution of elastieUi/ would 
be more rapid than that of its density, because this diminished 
elasticity is due, not only to dimi n ished density, but also to 
diminished temperature : the result is an increased capacity 
for heat, whereby it requires more heat than before to pre- 
serve its temperature unchanged ; but it obtains no addi- 
tional supply, because all the surrounding air is as cold as 
itself The normal or equilibria! state of the atmosphere as 
regards heat is not, therefore, a state of equal temperature 
throughout its height, but a temperature gradually dimi- 
iiishing upwards, according to a simple mathematical law; 
the fall of temperature being equal for every equal height 
ascended, and on an average it is very nearly 3° of Fahrenheit ' 
for every 1,000 feet. 

This explains the changes of climate so beautifully ex- 
hibited in miniature on the slopes of mountains, where 
within a few miles are brought together those varieties of 



nature usiiall j apreid over many degieeB of ktitiideL TIub 
on the sides of the Andes or other intertropical ndges^ the 
seeneiy of ereiy zone is finmd, and the travdler in the 
course of a ooiq>le of days passes in review the whole acale of 
Teget4iti(m ; from matted forests impervious to the son, filled 
with the aroma of gums and halssma, and resoondin^ with 
the din of animal life, he passes hy imperoepttble gr&dntkms 
into the peacefal woods of a temperate region, idiere the 
trees, as he continues to ascend, heoome smaller and less 
crowded ; these are graduall j succeeded by shmb^ low 
herbage, mosses^ and lichens, until at length he enters upon 
those awful solitudes of snow, where wganic life appears 
extinct. 

39. This striking sucoeasion of changes is explicable if we 
bear in mind that the mean temperature of the equatorial 
atmosphere (which at the searlevel is 82®) is diminished 
1^ for every 333 feet of ascent ; so that at the height of 50 
times 333, or 16,667 feet, the mean temperature is reduced 
to 32^ that is to say, it is as often below as above the freez- 
ing point ; and, as there is no variety of seasons near the 
equator, it of course freezes eveiy night at this elevation ; so 
that, while there l» an eternal summer in the plains, there is 
an eternal winter on the mountain-tops. Indeed, it is found 
that no summit exceeding 15,700 feet is ever free from 

MUOW* 

The distinct line formed by the lower boundary of the 
snow on mountains furnishes us with a natural re^igler 
tfiwmometer on a stupendous scale, as Professor Daniell 
appropriately names it, a scale of which each degree occupies 
more than 300 feet measured vertically. Except at the 
e(|uator, this line of course rises in summer and fidls in 
winter, the difference produced by seasons being increased 
the farther we advance towards the poles. The lowest 
jwsition of the snow-line depends, of course, on the winter 
temperature, which diminishes immediately from the equator, 
very slowly at first ; so that this limit, which at no phice 
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within the tropics descends much below 15,000 feet, after- 
wards declines so much as to meet the sea-level at about the 
40th degree of latitude, while in all latitudes above this, 
frost and snow occur in winter, even at the sea-leveL But 
the highest position of the aruyuyline, or that limit above 
which it never thaws, must of course depend on the summer 
temperature. This line coincides with the former only at 
the equator, and, instead of declining immediately therefrom, 
it even rises a Httle towards the tropics, because their 
Tnaosmiufn or stMvimer heat exceeds the congtcmt heat of the 
equator. Beyond these Hmits, however, the line of per- 
petual snow regularly descends, until in the central latitudes 
of Europe (on the Alps for example) it is reduced to 8,000 
feet, on the Norwegian mountains to 5,000, and in the 
Arctic Regions it descends to the sea-level. 

Thus we see that a certain rate of upward diminution of 
temperature is necessary to the atmospheric equilibrium; 
but this diminution of temperature produces no currents, 
because the upper strata, notwithstanding their coldness, 
have no tendency to descend, nor the lower and warm 
strata to ascend, because in changing their position they 
would also change their temperature. Currents can only be 
set in motion by a still greater inequality of temperature, by 
the lower strata becoming still warmer, and the upper still 
colder than the heat equilibrium requires. Now, there is 
a constant tendency towards such an increase of inequality, 
because the lower strata are constantly in the daytime 
receiving heat from the earth or sea, made hot by the solar 
rays, while the upper strata are losing heat by radiation 
into space, the constant temperature of which is supposed to 
be 68° below Fahrenheit's zero. 

40. Prom this view of the atmosphere we are able to 
nitderstand the wonderful and beautiful contrivance by 
which the winds of the temperate zones are made to miti- 
gate the extremes of temperature, both in the tropical and 
the polar regions. It might be thought that the prevailing 
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winds next the eartli's sor&ce could not have this doobly 
beneficial tendency, but that they must always blo^r 
the colder of two parallels into the warmer, as is the 
with those currents which produce the trade-winds. 'We 
must now inquire why this law is reversed in nearly all 
places between the latitudes of 30^ and 60^, as in this 
country and all over Europe, for example, where the pre- 
vailing winds blow from warmer into colder latitudes. It 
has been already stated (37) that the immediate ^ect of a 
difference of temperature between two adjoining columns of 
air is to make the warmer column overtop and overflow the 
colder. In fact, all the upper half of the warmer cofaunn 
(or the half in respect of quomJtily, not height) is rendered 
denser and more elastic than the corresponding parts of the 
cold column; but this difference of elasticity, which is 
greatest at the top, diminishes downwards to a certain point 
where the pressures of the two columns are equal, and coot- 
sequently there is no wind either way. Below this the dif- 
ference is reversed, the colder column being the more elastic, 
and therefore flowing into the warmer more and more 
strongly as we descend. The trade-winds are thus accom- 
panied by an exactly equal coimter-current from the equator 
in the upper half of the atmosphere ; the existence of such a 
current, exactly opposite in direction to that below, being 
abundantly confirmed by travellers who have ascended the 
Peak of Teneriffe, or that of Owhyhee, the only insular 
mountains sufficiently high to reach the upper currents The 
summits of most of the West-India islands, however, ap- 
proach the neutral line of separation between the two cur- 
rents. Indeed, the trade-winds appear to be so much dimi- 
nished there as to be inappreciable above the level of 3,000 
feet, although the other current cannot be felt below 12,000 
feet. The effects of the upper current were strikingly dis- 
played in the volcanic eruption at St. Vincent, in 1812, the 
ashes of which were carried to Barbadoes; and those of 
Cosiguina^ a volcano in central America^ have been conveyed 
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to Jamaica in direct oppositioii to the course of the comjtant 
trade-wind. Light clouds also, which float at a greater 
height within the tropics than elsewhere, fi^uently give 
evidence of the same £Eict. Now it is obvious that this 
upper current^ constantly losing heat by its exposure to 
open space, must, after travelling a certain distance, become 
cold enough to descend, and change places with the lower 
current. This change appears to take place usually about 
the 30th parallel of latitude in each hemisphere, which is 
accordingly the outer limit of the trade-winds. Beyond this 
the equatorial current is undermost, and continues to be so 
until it again becomes by contact with the earth sufficiently 
warmed to resume its original position above the colder 
current that proceeds from the polar regions. It will of 
course be understood that the number of these changes that 
may occur between the 30th parallel and the pole will 
depend on difierence of season, the amount of radiation from 
the sun and from the earth, the screening effect of clouds, 
and many other local circumstances, and hence the pro- 
verbial mconstcmcy of the wiirvds over the cooler half of each 
hemisphere ; an inconstancy arising, not from t](Le absence of 
exact laws (for these winds are regulated by laws as fixed as 
those which apply to any other terrestrial phenomena), but 
from the presence of so many disturbing causes, Vhich, as 
they cannot be anticipated, so they cannot be taken into 
account in attempting to generalize the phenomena of these 
wind8,-a circumstance which clearly exhibits the folly of 
those half-informed persons who construct weather-almanacs 
for predicting atmospheric changes a year in advance. The 
superior return current from the equator having descended 
at about the 30th parallel commonly continues to be the 
lower current or prevailing wind until it approaches the 
polar circle, where it again rises and is replaced by the pola/r 
gales, which prevail in high latitudes. These are caused by 
the cold and dense air - of the polar regions sinking and 
spreading in every direction^ being overflowed by an ingress 
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of warmer air from every aide, which supplies a constantlj 
descending cataract of air upon the pole the exact converse 
of the effect at the equator. 

These effects are embodied in one view in Fig. 27, which 
represents a quadrant of the atmosphere between the pole 
p and the equator at e. At e the heated air ascends and 
forms the upper current until it reaches about the 30th 
parallel, where it descends and forms the lower current, 
which it continues to do until it approaches the polar circle, 
where it again rises. At the pole p the arrows are in- 
tended to represent the polar gales descending and forming 
the lower current. On leaving the polar circle, they are dis- 
placed by the warmer return current from the equator, and, 
rising above this, descend at about latitude 30^, and proceed 
to the equator, forming the constant north-east trade-wind 
in the northern hemisphere, and an equally constant south- 
east trade-wind in south latitudes. 

41. But it may be said that this flow of air from the poles 
to the equator ought to produce a constant north wind in 
the northern hemisphere, and a constant south wind in the 
southern hemisphere, at least within a certain limited dis- 
tance of the equator, probably below the latitude of 30°, or 
over the warmer half of the earth's surface. The reason why 
we do not find this to be the case is on account of the 
motion of the earth on its own axis from west to east. The 
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earth being a sphere, the different parts of its surface must, 
of course, move with very dififerent velocities. At the poles 
the motion is nothing, but at the equator it is 1,042 miles 
an hour : in the latitude of 30° it is about 900 miles an 
hour; so that in the belt between the equator and lati- 
tude 30°, the average velocity may be stated at 980 miles 
an hour, while the space lying between 30° and 40° does 
not move at a greater rate than about 8d0 miles an 
hour. 

Now, as the atmosphere may be regarded as an integral 
portion of the earth's surface moving round with it with 
the same velocity, it follows that the cold current of air 
which sets in from the temperate zones towards the equator 
not only has a motion north and south in that direction, but 
also a velocity of about 850 miles an hour due to that 
parallel of latitude from which it is withdrawn ; the equa- 
torial regions, however, are moving to the eastward at the 
average rate (^980 miles an hour : the cold air arriving 
into these regions at the slower rate would, on its first 
arrival there, be left behind ; or^ in other words, the surface 
of the earth would travel faster to the eastward than the 
air upon it, and this would produce an apparent or relative 
motion in the air from east to west, that is, an easterly 
wind« Thus the cold current moving towards the equator is 
influenced by two sources of motion ; the first caused by the 
heat of the torrid zone producing a partial vacuum, to fill 
up which the cold air from the temperate zones rushes in 
towards the equator and at right angles to it ; the second 
source of motion is that which has been communicated to it 
in a direction due east by the rotation of the earth in the 
temperate latitudes it has lefr. The resultant of these two 
motions is the south-east trade-wind in south latitude, 
and the north-east trade-wind on the northern side of the 
equator. 

When the slower-moving air of the temperate zone first 
arrives at the quick-moving or tropical belt of the earth, the 

H 
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difEerenoe of their velocities is great- oompaiod with the other 
motioii of the eooler air towards the eqnatm*, and eonse- 
quently the wind blows at the extreme edges of the tnuies. 
nearly from the east point. This gmdaal diange in the 
direction of the trade-winds is thns aoooanted for : — ^Ajs the 
difference in velocity between each parallel and the next 
becomes less and less in approaching the equator, so th«r 
lagging behind of the air, which constitates its westward 
tendency (or eatUng as it is called by sailors), beoomea leas 
and leas. The 30th parallel, which moves at the rate <^ 903 
miles an hour, has a less velocity by 77 miles than the 20th 
paralleL which moves at the rate of 980 miles an hoar, 
while the 20th is only 46 miles an hoar slower than the 
10th paralleL Thus, the air in travelling from the 30th to 
the 20th parallel must be more retarded, or have more 
eastios than that which travels from the 20th to the 10th 
jiaralleL* As the air from the cooler r^ons draws near the 
equator, its velocity is checked by becoming heated, which 
gives it a tendency to rise rather than to flow along the 
sur&oe ; and it is further checked by the meeting of the two 
opposite currents, one from the north and the other frxmi the 
south. 

As eveiy current towards the equator must be rendered 
easterly, so eveiy current fit>m the equator must become a 
westerly wind, because it proceeds from a quick moving into 
a slower moving latitude, and must therefore rotate quicker 
than the part of the earth on which it arrives. And as this 
cause operates least powerfully near the equator, and be- 
comes more powerful io receding therefrom, this would cause 
the upper tropical current to become more and more westerly 
as it advances towards the temperate zones ; thus descrilnng 
the same apparent curve as the trade-winds below it, and 
moving everywhere in a direction exactly opposite to them, 
— a £Ekct which has been established by observation. When 
this upper current first precipitates itself on the earth's 
surfaoe, about the 30th parallel of latitude, it has lost hut 
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little of its equatorial velocity, because the only friction to 
which it has been subjected is that of the lower current ; and 
hence the furious westerly gales which are so prevalent 
beyond the limits of the trade-winds, or about latitude 30°, 
in each hemisphere. 

The equatorial limit of the two trades, or the region of 
calms and light variable winds,. is subject to continual 
change, dependiag on the position of the sun. As the circle 
of greatest heat does not coincide with the equator, except 
at the time of the equinoxes, but with a parallel to the north 
or south of it, it will readily be seen how the whole system 
of tropical winds must to a certain extent follow the sun ; 
that is, the limits of all these winds must advance northward 
in our summer, and recede southward in our winter. Hence 
the regions of calms and light variables is bisected by the 
equator only at the equinoxes. In July and August this 
region is wholly north of the equator, and extends as &.r as 
12° north latitude, while in January it is, on the contrary, 
almost entirely in the southern hemisphere. Thus, in our 
summer, the southern trade sometimes crosses the equator, 
and advances a degree or two to the north of it ; while, iq 
our winter, the northern trade advances nearly up to the 
equator, but never crosses it. The reason for this difference 
is the greater average amount of heat in the whole northern 
compared with the southern hemisphere. Indeed, the line of 
greatest mean yearly heat is situated entirely within the 
northern hemisphere, nowhere approaching the equator 
nearer than three degrees. The phenomena of the wuids 
are, therefore, symmetrical on each side of the line of greatest 
mean yearly heat rather than on that of the real equator. 

The outer or temperate limits of each trade-wind also 
partake of this northward and southward shifting, because, 
the warmer either hemisphere may be, the fSarther will the 
upper current travel into the temperate zone before it 
becomes sufficiently cooled to sink and usurp the place of the 
lower current, which constitutes the trade-wind. Hence 
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there are places situated about tbe 2dth parallel in each 
hemisphere which have a constant east trade-wind daring 
their hottest months only, and the above-mentioned westerly 
gales during the cooler part of the year. 

The following figure, Fig. 28, will serve to show the 
prevailing direction of the winds or lower atmospheric 
currents at different parts of the earth's surface, apart from 

the effects of local 

1. ... 1 'Iff* 28. 

peculiarities, such ^ 

as sea and land 
breezes. Thefincts 
intended to be im- 
pressed on the 
mind by this dia- 
gram are, 1st, the 
prevalence of ccUma 
within a few de- 
grees on each side 
of the equator, 
varied, however, 
by frequent short 
squalls and light 
variable winds from every point ; but, according to Captain 
Basil Hall, mostly from the south, probably on account of 
the general lower temperature of the southern hemisphere 
than the northern. 2ndly. The constancy of the trades from 
the 10th to the 28th degree of latitude, their directions 
being polar where they approach nearest the equator, and 
gradually more and more etuterly in receding therefrom, 
until outside the tropics they become easL 3rdly. The 
conflict and alternate preponderance of these eoui winds and 
of weai gales about the 30th parallels. 4thly. The pre- 
valence of ecuierly and equatorial westerly winds from the 
30th to the 60th parallels. 5thly. The prevalence of *polar 
gales about the arctic and antarctic circles. 

It is of course impossible in Fig. 28 to show the upper 
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currents,* -which should theoretically blow at every spot, 
neariy contrary to the prevailing lower ones. Free from all 
the irregular disturbances of the earth's surface, these upper 
currents are supposed to flow with a slow but unruffled and 
undeviating constancy, as seen in the motions of lofty clouds, 
and confirmed by the experience of aeronauts. Mr. Green 
states, that in this country, whatever may. be the direction 
of the wind below, within 10,000 feet above the surface of 
the earth its direction is invariably from some point between 
the north and west. 

42. We must now notice certain modifications in the 
trade-winds, produced by the presence of large masses of 
land. If the earth were a uniform mass of water or of land, 
these winds would blow with the utmost regularity ; but as 
the surfiice of the earth is broken very irregularly by masses 
of land and water, the law of the trade-winds is greatly dis- 
turbed. This is especially remarkable in Mexico and India. 
That part of the Pacific which extends from the Isthmus of 
Panama to the peninsula of Califomia lies between 8° and 
22° N. latitude. The sun's rays striking directly on the 
great territory of Mexico, heat the land strongly, thereby 
causing the air over it to rise ; the vacuum is filled up not 
only from the northward, but also by the comparatively cool 
air of the equatorial regions in the neighbourhood. The air 
coining from that part of the globe which revolves quickest 
to a part which moves more slowly, produces not an easterly 
wind, but westerly and south-westerly winds; so that the 
navigator is often very much embarrassed who expects east 
or north-east winds, according to the usual theory of the 
trade-wind. 

The monsoons of the Indian Ocean are also modifications 
of the trade- winds due to the presence of vast masses of land. 
These winds are called periodical, to distinguish them from 
the trades, which are constant. They blow for nearly six 
months of the year in one direction, and for the other six in 
* These will be found represented in Fig. 27. 

h2 
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an i^poflite diiectioii. The MaLays call them mooseen^ ^wkidi 

nigniiifia MOMon. These winds blow with the greatest n^gu- 

knty between Hindustan and the eastern coast of Africa. 

When the son is south of the eqnatmr, firom. October to 

April, a north-east monsoon prevails ; bat when the son is 

north of the equator, from April to October, a sonth-westera 

current is established. When the son posses the eqnftfeor, 

and the monsoons are changing their direction, Tariable 

winds or tempests generally occor, a disturbance which is 

called by seamen the " breaking up of the monsoons." 

The theory of the monsoons will be readily understood 

after the for^poing account of the trades. When the son 

has great northern declination, the peninsula oi Hindustan, 

the north of India and Ghina^ being strongly heated, the 

quick-moving air of the equator rushes to the northward, to 

fill up the slower-moying rarefied space; and this sapply 

of air, haying not only a rapid yelocity towards the east, 

but also a motion firom the south, produces the soath- 

west»monsoon in the Indian Ocean, in the Bay of Bengal, 

and in the China Sea. When the sun, on the other hand, 

has great southern declination, the same seas are occupied by 

air, which, coming firom regions beyond the northern tn^ic, 

has leas easteriy velocity than the space it is drawn inta 

This gives the air an easteriy direction, whidi, c<»nbiDed 

with its proper motion towards the equator fiom the north, 

produces the north-east monsoon.* 

* The moDMOiis are as adirantageoaa to oommeroe as the tnde-wiiMls. 
It is duelly by means of the north-east and north-west moasoons tkat the 
TOjages of merdiant ships from Canton to Eng^d are aooomplished in 
the comparatiTely short period of 120 dajs ; the distanrr traversed being 
about 14,000 miles, and the progress of the Tessel neariy 120 miles a day. 
The advantages which vessels sailing from Eorope to Calmtta, Suigapore, 
and Canton derive fit>m the sonth-west monsoon are also very great, 
although their voyages are much longer. The inhabitants of the ooon- 
tries within reach of the monsoons also derive great advantages from them. 
With one monsoon their vessels leave their country, and with the other 
they retara to it, the interval between the two monsoons being disposed 
of in selling their cargoes and procnring others for the return voyage. 
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43. In addition to the gra]i4 effects of the trades and the 

monsoons^ the heating action of the sun produces a diumal 

interchange of air in some parts of the world, in what are 

called lannd and sea breezes. The ocean is but little affected 

by sudden changes of temperature, such as are produced by 

the succession of day and night, and it participates only to a 

certain extent in the alternating temperatures of the seasons. 

Such changes become equalized over large tracts of salt 

water, and serve to temper the rigours of climate on coasts 

and in islands. The land, on the contrary, becomes rapidly 

heated by the sun, and as rapidly cooled in his absence. 

Thus the great continents act as heaters and coolers of the 

atmosphere, and produce those changes in the aerial currents 

abeady noticed ;• and not only continents, but islands of 

moderate size, produce the daily alternation of land and sea 

breezes, so refireshing upon the coasts of hot climates. 

During the day the land becomes much more heated by the 

sun than does the adjacent water, and consequently the air 

resting upon the land is much more heated and rarefied than 

that upon the water. The cooler and denser air, therefore, 

flows from the water towards the land, constituting the sea 

breeze, and, displacing the warmer and lighter air over the 

land, forces it into a higher region, along which it flows in 

an upper current to seaward. At night a contrary effect 

takes place. Afber sunset the land cools much more rapidly 

than the water, and the air over the shore becoming cooler, 

aad consequently heavier than that over the sea, flows towards 

it, and forms the kmd breeze. * 

The phenomena of land and sea breezes may be well 

* Advantage is taken of these breezes by coasters, which, drawing less 
^ater than larger Tcssels, can approach the coast within those limits 
where the sea and land breezes first begin to operate. Thus a ship of war 
o^ay not be able to take advantage of these winds, while sloops and 
schooners may be moving along close to the shore under a press of canvass, 
and be oat of sight before the larger vessel is released from the calm 
hordering these breezes, and fringing for some time the beach only. The 
old navigator Dampier gives ail admirable description of these breezes. 
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ilhtBtiaied l>y a simple experimoit. Fill a large dish with 
cold water, and {^aoe in the middle of it a saooer fofl of 
warm water ; let the di^ represent the ooean, and the 
aaaoer an island heated hy the sun, and rarefying the ur 
above it ; blow out a wax taper, and if the air of the room, 
be still, on applying it suooessiyely to eveiy side of the 
saacer, the smoke will be seen moving towards it and rising 
over it, thus indicating the course of the air fiom sea to 
land On reversing the experiment, by filling the saooer 
with cold water, and the dish with warm, the land breexe 
will be shown by holding the smoking wick over the edge of 
the saacer ; the smoke will then be wafted to the warmer air 
over the dish. 

44. In most mountain districts alternating carrents may 
be observed in the atmosphere, which partake of much of the 
nature and regularity of land and sea breezes ; they have 
been distinguished by the name of hdU and vciO/ey breezes, and 
as the subject is almost new to science, it may be inte- 
resting to give an example of them.* 

At Nyons, in the department of La Dr6me, a wind has 
been known from time immemorial, under the name of 
Fontias, It is a cold wind, and rises every evening about 9 
or 10 o'clock in summer, and at 6 in winter. Its first 
approach is firom a narrow, deep, winding gorge, about two 
leagues in length, and extending on one side into the plains of 
the Rhone, near Nyons, and on the other side into a large 
valley, inclosed by the mountains of La Drdme. The breeze 
increases progressively during the night, until sunrise, when 
it begins to decline in intensity, and finally dies away wlien 
the ground has been warmed by the sun. This breeze is 
much more cold and violent in winter than in summer, and 
it often produces such a depression of temperature as to 
congeal the moisture of the atmosphere. In summer it has 

* The subject haa been raised into the importance which it aeems to 
merit by M. Fonmet, in the Annalea de CMmie ei de PAywigue for 1840. 
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the effect of a fresh monung breeze. Its regularity is very 
remarkable, although subject to certain disturbances. Thus, 
dixnng the greatest heats of summer, when the short nights 
are not sufficient to cool the sur£a.ce of the parched ground, 
the PanHcu is scarcely perceptible. A similar effect is pro- 
duced by a rainy or a cloudy night. Snow, on the contrary, 
appears greatly to £sLvour this breeze. The effect of these 
variations is limited to its progress. In winter, or imme- 
diately before or after rains, it sometimes descends as &r as 
the Bhone, a distance of seven leagues; but in summer, 
or during serene weather, it extends to a much shorter 
distance. 

This breeze does not exist in the upper regions of the 
atmosphere, nor even above the hills in the neighbourhood 
of Nyons, but seems to be entirely confined to the defile, at 
the entrance to which stands the town. It does not blow in 

m 

an equal current, but is subject to certain swells at intervals 
of a few minutes, and these are most distinct when an east 
wind opposes its exit ; it then escapes by irregular pufik On 
ascending the defile, which leads into the upper gorge, the 
force of the wind diminishes in proportion to the ascent, and 
at length is entirely lost at a certain elevation. 

In connection with this breeze is an upper compensating 
current, called la Vesine^ or the had wind, which, ascending 
the river of Eygues, passes over a defile, and is lost in a 
larger valley. This wind increases in violence with the heat 
of the day or of the season. 

Thus we observe two breezes periodically opposed to each 
other ; the one a nocturnal breeze, and the other a day 
breeze, blowing in opposite directions, according to the hour 
of the day, and developed entirely by the physical features 
of the locality. M. Foumet has also established the exist- 
ence of hill and valley breezes in other mountain districts of 
France and Switzerland, caused chiefly by the asperities of 
the soil, producing daily an atmospheric flux and reflux. 
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which manifests itself in ascending and descending breezes 
known in different places bj local names. 

45. There is, however, a distinction to be attended to in 
comparing the daily alternations of wind produced hy nuran- 
tains with those produced by coasts. The sea breeze is much 
more general and decided than the nocturnal or land breeze. 
whereas, in mountain breezes^ the nocturnal or hill breeze 
seems to be the most regular ; because, although the moun- 
tain summits receive by day more and stronger sunshine 
than the lowlands, yet they also reflect and radiate ntiore 
heat, besides being more cooled by the colder air in contact 
with them, so that on the whole it is doubtful whether they 
would generally become wanner tiian the plains, so as to 
receive a diurnal breeze from them, except in particalar 
localities. But by night everything conspires to reduce the 
temperature of the summits, which, from their isolated posi- 
tion, radiate their heat in every direction through the dear 
rarefied air into boimdless space, while the lowlands can 
only radiate their heat upwards and through a denser and 
less transparent air ; and even that which they do radiate is 
often reflected back by a canopy of clouds, so that the noc- 
turnal, breeze from the hiUs must be £Eir more general than 
the diurnal one towards them. In the case of sea and land 
breezes, on the contrary, although the land must always be 
more heated by day than the sea, thus producing the sea 
breeze, there is no apparent cause why the land, which is a 
worse radiator of heat than water, should ever become cooler 
than the water by night, so as to send forth a land breeze, 
pro])erly so called. The winds so designated appear, there- 
fore, to be truly not knul, but hiU breezes. We are not 
aware that they are ever felt on JUU shores, such as Deme- 
rara, although this is one of the hottest coasts in the world, 
nor on the flat island of Barbadoes ; but they are felt off 
the neighbouring island of Grenada, which is smaller, but 
mountainous. 

46. Our space will not allow us to notice the interesting 
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phenomena of the winds at greater length ;* we must, how- 
ever, just glance at those winds which are produced by whirls 
or rotatory movements in the atmosphere of greater or less 
extent, the winds which have hitherto engaged our attention 
being general or periodical winds of the nature of currents. 

Hotatory disturbances in the air display a variety of phe- 
nomena which have been distinguished by various names, 
such as whirlwind, wcUer-aporU, scmd-apoviy sand-pillar, tor- 
nadoy white sqtuiU, pampero, kc. These terms have been 
applied to rotatory storms of small extent. The hwrricam/ea 
of the West Indies and the typhoons of the Indian seas are 
whirls of greatly increased extent, often extending from one 
to four or five hundred miles in diameter, and consisting of 
a revolving movement propagated from place to place, not 
by bodily transfer of the ^bole mass of air whicb at any 
moment constitutes the hurricane from one geographical 
point to another, but by every part of the atmosphere in its 
track receiving from that before it and transmitting to that 
after it this revolving movement. 

It was formerly supposed, when accounts of hurricanes 
were received, as occurring at different islands on various 
dates, with marked differences also in the direction of the 
wind, that those violent storms were rectilinear in their 
course, and that such accounts related in most cases to dif- 
ferent storma Their true nature was first clearly esta- 
blished by Mr. Eedfield, of New York, and afterwards by 
lieutenant-Colonel Eeid, Governor of Barbadoes, by con- 
structing charts on a large scale of some of the most remark- 

* The principal phenomena of the winds are brought together in a 
popalar form in a little book by the author of this work, entitled " The 
Tempest ; or, an Account of the Nature, Properties, Dangers, and Uses 
of Wind in various Parts of the World." Published under the direction 
of the Committee of General Literature and Education, appointed by 
the Society for Promoting Christian Knowledge. In Weale's " Rudi- 
mentary Navigation " will be found an essay by the author of this work, 
*' On the Law of Storms and of Variable Winds, and its Practical Appli- 
cation to Navigation. " 
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able hurricanes on record. In this wbj a single stonn w&s 
traced sacoessiYelj from one island or locality to another^ 
and the direction of the wind at any one point or place was 
found to have no connection with the general progress or 
direction of the stono. For example, one of the tracks thus 
laid down is that of the memorable gale of August, 1830, 
which passing close by the Windward Tslands, visited St. 
Thomas's on the 12th ; was near Turk's Island on the 13th ; 
at the Bahamas on the 14th; on the Gulf and coast o€ 
Florida on the 15th ; along the coast of Geoigia and the 
Carolinas on the 16th ; off Virginia, Maryland, New Jersey, 
and New York on the 17th ; off George's Bank and Gape 
Sable on the 18th ; and over the Porpoise and Newfound* 
land Banks on the 19th of the same month, having occupied 
about seven days in its ascertained course from near the 
Windward Islands^ a distance of more than 3,000 miles, the 
rate of its progress being equal to 18 miles an hour. Now, 
the actual velocity of the wind in its rotatoiy movement is 
probably five times greater than this rate of progress^ which 
would be equal in a rectilinear course to about 15,000 miles ; 
but the whole length of the track does not exceed 3,000 
miles : we thus have strong evidence of the rotatory nature 
of these storms ; for if the wind move 90 miles an hour, 
and the whirls or eddies which constitute the storm move in 
a body at the rate of only 18 miles an hour, it is clear that 
the motion of the wind must be in drdes. It is curious 
also that these eddies turn in a direction contrary to the 
sun's apparent daily motion, and, therefore, in our hemi- 
sphere, contrary to the motion of the hands of a watch, but 
similar to that motion in the southern hemisphere, a result 
which would naturally be expected from their common 
origin, just as two wheels set in motion by anything passing 
between them must necessarily turn m contrary directions. 
The general progress of these storms is always away from 
the equator, and therefore reversed in the two hemispheres ; 
but in both they have first a westward motion, until they 
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escape the influence of the easterly trade-winds, when they 
tum^ round in a hyperboKc curve and are drifted eastward 
by the prevailing westerly winds of each temperate zone. 
Throughout their course they increase in size, but diminish 
in intensity, until they are lost in the winds of high lati- 
tudes, the variable and fluctuating nature of which they 
greatly increase. 

Sir John Herschel explains the origin of one of these 
rotatory storms, by supposing a coliunn of air, intensely 
heated at a particular point of the intertropical plains of 
America, to rise bodily from the lower stratum of the atmo- 
sphere with sufficient ascensional force to carry it into the 
upper current, but retaining the full westerly energy which 
it has derived from the earth's rotation. Now nothing is 
more likely than that a ripple in its course should thus 
be produced, and that the portion thus driven upwards 
should, on its return, strike down far below, into the lower 
current. All the conditions necessary for a rotatory storm 
would then arise. A mass of air, animated with immense 
velocity, has to force its way through an atmosphere either 
at rest or moving in a contrary direction : a state of things 
which, in the movements of fluids, is invariably accompanied 
with vortices on one or both sides of the moving mass, which 
continue to subsist .and to wander over great tracks long 
after the original impulse is withdrawn. In such vortices 
the motions of translation and rotation may have any pro- 
portion ; but the former is usually slow compared with the 
latter. An illustration of this kind may be witnessed at a 
mill-dam when the sluice is closed so as to allow the water 
to escape at some small hole. A ftmnel-shaped depression 
will appear on the surface, in which air descends, often to 
the actual hole of escape, though many feet below the sur- 
face, but often also as an interrupted column. All the 
movements of a rotatory storm are here represented by the 
revolving fluid. So long as the hole is kept open, it retains 
a fixed position, at least at the lower extremity, fluctuating 

I 
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only by a bend of the coliunn. But if the hole be closed, it 
immediately begins to wander, continuing often a long tiiue, 
but gradually retreating upwards. 

47. It must be obvious that all these atmospheric cur- 
rents, depending as they do entirely on the variationa of 
elasticity brought about in different parts of the atmosphere 
by the solar heat, must be most intimately connected with 
the indications of the barometer. As the tendency of all 
these currents is to establish equality of pressure over the 
earth's surfcMe, it was formerly supposed that the mean height 
of the barometric column would be found equal in every part 
of the world. Numerous careful and long-continued registers 
of its height, however, kept at various spots distant from 
each other, have shown a decided though very small local 
variation of this element, and the dependence of this varia- 
tion on the latitude we will now endeavour to explain. 

The atmospheric pressure is greatest at, or at a short dis- 
tance beyond, the tropics, or about the outer limit of the 
trade-winds, where the mean height of the barometer is 
about 30 inches. From this point it* declines both towards 
ehe equator, where it is about 29*9, and also towards high 
latitudes. In England, for example, it is reduced to 29*8, 
and it continues to fall at about the same rate to the highest 
latitudes that have been reached. But towards the South 
Pole, as appears from the expedition under Sir J. C. Ross^ the 
fiedl appears to increase rapidly, so much so> that in the Ant- 
arctic regions the mean pressure is reduced even below 2d 
inches ; but it must be remembered that this is only the 
mean of three summerSy and may possibly be compensated by 
increased pressure in toinier. 

The maximum of mean pressure occurring just outside the 
tropics, is referred by Professor Daniell, with great proba- 
bility, to the obstruction caused by the meeting and crowing 
of the two main currents as already described (41)^ which 
must produce an accumulation of air upon that parallel 
where it occurs. 
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But the mean local pressure appears to depend less on 
latitude than on the proximity of great masses of land or 
water, it being highest in the interior of continents and 
lowest on the Pacific Captain King, in a voyage on that 
hemisphere of waters, having observed the barometer iive 
times a day for five months, obtained a mean of only 29*462 
inches. Connected with this fiict is the lower mean pres- 
sure in the Antarctic regions than in the Arctic, and also the 
well-known feet of the barometer on the borders of conti- 
nents (as in this country) standing lowest during moist 
winds, or those which come from the ocean, and highest 
during the dry winds from the continent. 

48. This brings us to the fact, that the local differences 
between the mean pressure observed at the most distant 
parts of the globe are very trifling compared with the varia- 
tions constantly occurring at most places, indeed all places, 
outside the tropics. Thus in this country we liave at the 
sea-level the mercury not unfrequently rising to 30*5 inches, 
and sometimes felling to 28*5. This difference of two inches 
indicates a difference of about a pound per square inch in 
the atmospheric pressure, so that we need not wonder that 
delicate persons feel the change, when the pressure on their 
body is increased or diminished in this manner by a few 
hundredweighta 

These fluctuations in the barometer are by no means of 
equal extent in different places. Their amount increases 
greatly with the latitude, being much greater at St. Peters- 
burgh or Stockholm than in London, while in warm latitudes 
it is greatly diminished, and within the tropics becomes not 
only so small as to escape the notice of unscientific persons, 
but assumes a totally different character frt>m that which it 
has in cold and temperate climates. This difference we will 
proceed to explain. 

49. The fluctuations occurring in extrar-tropical latitudes 
are so fitful as utterly to defy all attempts to reduce them to 
rule, that is, to any periodical order. Indeed, this must be 
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obvious from their generaUy acknowledged connection with 
the wind and weather, the uncertainty of which is proverbmL 
But in the torrid zone, where this uncertainty, as r^arxls 
two elements at least, namely mnd and temperaturey is re- 
placed by the most clock-Kke regularity, the barometric 
changes, although so small as to be scarcely perceptible to aii 
indifferent observer, partake of the same perfect regularity^ 
Unaffected by the utmost extremes of wet or dry, it gives no 
indications of the approach of the equinoctial deluges, or the 
solstitial drought; it is thrown aside by the planter as a 
useless instrument, nevertheless its small daily oscillations 
go on with the regularity of a clock. Scarcely once in a 
man's life, at any one spot, does the mercury undergo a 
decided disturbance, and that not greater than occurs in 
England before a slight thunder-shower, but such a disturb- 
ance is the sure and rapid precursor of one of these stupen^ 
dous atmospheric convulsions, which, in the extent of their 
disastrous effects, are scarcely exceeded by the greatest 
earthquakes. The importance of observing the barometer 
at sea^ within the tropics, cannot be overrated. There are 
many instances recorded of ships saved from otherwise cer- 
tain wreck, by the rapid fidl of the mercury giving notice of 
an approaching hurricane. 

But to return to the ordinary oscillations; it is found 
that, totally unconnected with changes of weather, these 
oscillations occur like the tides of the ocean, twice in eveiy 
twenty-four hours^ only with this difference, that they are 
purely «o2ar tides, or those arising from the action of the sun 
only, not soUrhunaTf or those arising from the combined ac- 
tion of the sun and moon. They have no variations of spring 
and Tieap, and instead of their rise and fiedl occupying half a 
lunar day,* it occupies only twelve hours, or half an ordinary 
solar day, the two maxima of pressure always occurring at 
the same hours, namely, at 9 o'clock A.1L or p.il, and the two 
* Tbe mean lengtli of the Iniuur day ii 24'' 50" 21". 
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minima each at about 3 o'clock a.u. or p.m. This is, there- 
fore, a tide not produced by gravitation ; for if it were, Hie 
sun's effect would, as in the oceanic tides, be masked hj the 
greater effect of the moon ; but being dependent solely on 
the sun's position, this atmospheric tide must be due not to 
his attraction, but to his heat. The manner in which this 
power acts so as to produce ttco opposite and equal protube- 
rances of the atmosphere, is beset with difficulties, and cannot 
yet be said to be even partially imderstood ; but the facts are 
nevertheless of the greatest interest to science. 

50. In speaking of the semi-diurnal oscillations, we must 
always be understood to refer to what takes place at the 
level of the sea, because on an eminence their effect is neces- 
sarily partly disguised by the super-addition of that diwrnal 
oscillation deduced above, the period of which being 24 
hours, it must have the effect of making these 12-hour tides 
appear alternately unequal ; and this inequality is greater the 
higher we ascend. 

The extent of the semi-diurnal oscillation is found to be 
greatest at the equator, where it averages more than -^th of 
an inch, and it diminishes to -^-^^^^ ^^ ^^^ ^^ i^ ^^' ^^^ '> 
being, however, in both situations greater in the hottest 
months than in the coolest. Beyond the limits of the trade- 
winds, these oscillations being still further diminished, are 
exceeded in extent (and therefore entirely masked) by the 
irregvlcMr fluctuations so &miliar in our climate. These 
fitful variations, unknown within the tropics, iacrease pro- 
digiously in extent as we recede therefrom ; and as the 
regvla/r osciUations, on the contrary, diminish, they are of 
course soon lost in, or confounded with, these irregvlanr 
one& 

51. But although thus disguised so as to be no longer 
recognisable by simple observation, this regular tide still 
flows and ebbs amidst all the irregularities of the pressure in 
temperate climates. The proof of this is simple and elegant. 

i2 
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We have only to examine a barometric register kept at 
stated hours (at least twice a day) for a long period, to take 
the average of each set of observations made at the saoM 
hywTy and by comparing these averages, it is found that the 
mean height at about 9 o'clock a.m. is greater, and that at 
about 3 o'clock p.m. less than at any other hour. In this 
climate, and in summer, the mean of a few weeks is sufficient 
to elicit this fact. In winter, or in higher latitudes, the 
greater extent of the irregular fluctuations requires a longer 
series to enable them to neutralize each other. In this way 
it is found that, however disguised by irregular disturb- 
ances, the regular atmospheric tide still obtains throughout 
the temperate zones, although greatly diminishing in extent 
from the tropics to the Polar circles, near which it becomes 
altogether imperceptible. Among the many theories pro- 
posed to account for these oscillations, that of Professor 
Daniell is the most satis&ctory. It is too complex to be 
introduced here, but we may observe that he deduced from 
it not only the entire disappearance of these tides at a certain 
latitude far short of the Pole, as. above stated, but also that 
in higher latitudes a much smaller tide ought to appear at 
exactly the contrary hours, that is, flowing from 9 to 3, and 
ebbing from 3 to 9 ; and an examination of the register kept 
for this purpose in Captain Parry's Second Arctic Expe- 
dition, has actually given such a result, although its amount 
is BO very small, only a thousandth of an inch, that con- 
sidering the great extent of the irregular fluctuations, it is 
very doubtful whether the observations were continued long 
enough to give a &ir average. 

52. This principle of obtaining the mean of many observa- 
tions made under circumstances bearing a certain resem- 
blance, and comparing this mean with the mean of many 
others made without that particular resemblance, is the key- 
stone of the meteorological arch, the sole method of accumu- 
lating that mass of material by which the infant science of 
meteorology is to be nourished. It is only by such averages 
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that the diurnal tide, observable only on eminences (50), can 
be shown to exist. Professor Daniell elicited it from the 
mean of a very moderate number of observations, even on so 
small an elevation as Box-hill, in Surrey, and the registers 
kept at greater heights show it distinctly, provided they 
be on narrow summits or ridges ; on extensive table-lands 
it is not observable, because the air resting on them has not 
time to flow off during the night, nor the surrounding air to 
overflow them during the day. This alternate flux and 
reflux, however, produces at the border of all elevated tracts 
the hiU and valley breezes already noticed (45), namely, a 
breeze ^09» the hills during the night, and towoflrds them 
during the day, similar in character to the land and sea 
breezes, and like them most observable in low latitudes, 
because the daily and nightly alternations of temperature 
are there greatest. 

53. The observations on Box-hill just noticed, also dis- 
played another oscillation, which, from the time of Newton, 
had often been sought for in vain, namely, the atmospheric 
tides, strictly so called, produced by lunar attraction. It is 
obvious that such tides, however great, could never affect the 
height of the barometer at the sea-level, because the greater 
height of air accumulated under the moon would, on the 
whole, weigh no more than the shorter column elsewhere, 
because every particle of the former column (and also 
of the mercury weighing it) has its weight diminished by 
the moon*s attraction opposing that of the eartL But the 
effect ought to be seen by the upward diminution of pressure 
being slower under the moon ; and, accordingly, the mean of 
several observations made when the moon was near the 
meridian, gave a less difference between the pressures at the 
foot and top of the hill than was obtained from the mean 
of several others made when the moon was near the horizon. 
It is to be regretted that similar observations have not been 
made at greater elevations, as they have an important bear- 
ing on the use of the barometer for measuring heights. 
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This subject will be noticed presently (56), bat we most 
first make a few remarks on the use of the barometer aa a 

54. This instrument could not have been long observed 
before the discovery that its fluctuations had some unknown 
connections with the changes of the weather in temperate 
climates, especially as regards wind and rain ; a high state 
of the mercurial column generally occurring in the finest or 
calmest weather, and a iiepression of it during rain and 
storms. Hence, by a too hasty generalization, it was sup- 
posed that the fineness of the weather was exactly pro- 
portional to the atmospheric pressure, and, accordingly, such 
words as '' ^ir,** '' changeable,** " rain,** &c., were engraved on 
the scale, which words have only served the purpoee of 
bringing a really invaluable instrument into disrepute, by 
making it promise that which it 13 incapable of foretelling. 

The reason why the atmospheric pressure is generally 
greater in dry situations, and in dry states of the weather 
than in moist ones, is still very obscurely known. We 
cannot even touch upon it in this place, because its consider- 
ation would require on the part of the reader a knowledge of 
the laws respecting vapour, and we prefer that he should gain 
from this little book a tolerably complete knowledge of the 
barometer, than an imperfect idea of the barometer and 
the hygrometer ; but we may observe that a due attention 
to both these instruments will lead to more accurate pre- 
dictions respecting the weather than can be obtained by the 
use of either of them singly. Indeed, the barometer used 
alone has, as we have endeavoured to show, a iax more direct 
application to the theory of winds than to that of nun.* Its 

* Mr. BeUiUe appesrs to coincide with this Tiew, and accordioglj hai 
gi^en a set of rules, connecting the phenomena of the barometer with the 
direction of the wind, and also with the appearance of the clouds , according 
to Howard's nomenclature. Mr. Belyille also gi^es a table showing the 
mean height of the barometer at noon for Greenwich, for everj day in the 
year, dednoed from thirty oonsecatiTe years' obserratioiis, m. from 1815 
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application to the latter is only indirect, and far from being 
understood theoretically ; still, however, the average of a 
large number of observations made at different times, and in 
different places, has furnished rules which deserve some 
degree of reliance. 

The most important fact to be remembered is, that the 
state of the weather to be expected is not so much connected 
with the absolute height of the column as with its motion, 
whether rising or /ailing. In order to observe this most 
important &ct an upright barometer is necessary, since the 
upper surface of the mercury cannot be seen in a wheel 
barometer. If the mercury have a convex surfoce the 
column is rising ; if it is concave it is falling ; when it is 
flat it is generally changing from one of these states into the 
other (33), 

A fall in the mercury generally indicates approaching 
rain, high winds, or a thunder-storm ; but it is remarkable 
that snow is more frequently preceded by a rise than by a 
falL With this exception, however, a rising state of the 
mercury commonly indicates the approach of fine weather. 
A very high wind, especially from the S.W., whether accom- 
panied by rain or not, is perhaps connected with the lowest 

to 1844, and reduced to 32^ Fahr. The following are the monthly means 

from this table :— 

Inches. 

January 29*909 second maximum. 

February 29*859 

March. 29*857 second minimum. 

April 29*865 

May 29-884 

June 29*910 maximum. 

July 29*894 

August 29*890 

September 29*872 

October 29*851 

NoTcmber 29*801 minimum. 

December 29*884 

The mean annual pressure for noon at Greenwich is 29*872 inches. 
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state of the barometer.* In England a N.E. wind, is 
more condudve to a high state of the merciuy than any 
other. 

When the mercury rises or falls steadily for two or three 
days together, it is generally found that rather a long con- 
tinuance of settled weather will follow ; rainy in the latter 
case, and fine and dry in the former. By the same role fire- 
quent fluctuations in the height of the column are found to 
coincide with unsettled weather. 

'55. Many persons are fond of entering the height of their 
barometers in a register once or twice a day for years to- 
gether, and make no farther use of these registers than to 
exhibit them to their friends as curiosities, and point out a 
remarkably low state of the barometer at one period, and 
contrast this with a remarkably high state at another period. 
It may be thought a harsh word, but it is a &ct that, as £Bur 
as science is concerned, these registers are no better than 
waste paper ; whereas they might be miade of inestimable 
value by taking out the nwrvMy and cmmwl means, and 
sending them for pubKcation to some local newspaper, or to 
any scientific journal of repute. Persons who have a tole- 
rably good instrument, and the leisure and inclination for 
these observations, should make their entries at the proper 
hours of the day, and these are indicated by the instrument 
itself (49, 51). The maximum height of the column is about 
* 9 o'clock A.1L, the mean at 12, and the minimum at 3 p.m. 
If a person cau afford time to make three observations every 
day, he should select these hours. If he can only make two 
observations, the proper periods are the very convenient 
hours of 9 A.M. and 9 p.m. K he can make only one obser- 
vation, Tvoon is the time. Professor DanieU remarks, that 
those who merely consult the barometer as a weather-glass 
would find it an advantage to attend to the three above- 

* Mr. BelWUe states that the lowest depressions of theharometer oocar 
with the wind at S. and S.E., when much rain falls, and freqnenUj short 
and severe gales blow from these points. 
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mentioned periods, for he has noticed that by much the 
safest prognostications for this instrument may be formed 
from observing when the mercury is inclined to move con- 
trary to its periodical course. If the column rise between 
9 A.M. and 3 p.m., it indicates fine weather; if it fall firom 3 to 
9, rain may be expected. 

56. The TneastMrenwrU of heights was the first useful pur- 
pose to which the barometer was proposed to be applied, 
preceding even its application as a weather-glass; and in 
this respect it is certainly more to be depended on than any 
predictions as to the weather made from it, even for only a 
few hours in advance. This application was suggested by 
the results of experiments performed by Torricelli and 
Pascal, that the mercurial column diminished in height on 
ascending above the level of the sea. But, at the outset of 
this inquiry, Pascal fell into a great error by supposing the 
atmosphere to be of equal density throughout, and that as 
the whole atmospheric column supported about 30 inches of 
mercury, all that was necessary was to observe the depression 
of the mercury on ascending a mountain, and then, by com- 
paring the relative weights of mercury and air,* to ascertain 
the height of the mountain. The error, however, was soon 
discovered. Halley showed that the density of air decreases 
in a geometrical progression, while the elevation increases in 
an arithmetical progression ; that is, if at a certain height 
the density was half that at the earth's surface, it would be 
(m^ffywrth at twice that height ; one-eighih at thrice that 
height, and so on; and Mariotte, about the same time, 
having determined that the pressure of aerial fluids is 
exactly proportional to their density when the temperature 
is equal (9), it was clearly proved by Halley that the ratio 
of decrease in the pressure was different from that of the 
increase in the heights. Indeed, if the upward diminution 
of the temperature be equal for equal ascents (39), it may be 
shown, for heights which are in arithmetical progression, 
* This has been determined by Biot and Arago to be 10,466 to 1. 
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that the elasticity diminishes in geometrical progressioxi like 
the density, but rather more rapidly. 

Now, the relation between an arithmetical and a geome- 
trical progression is the same as that between a series of 
logarithms and their natural numbers; and it occurred to 
Hailey to apply a common table of logarithms to the solution 
of thL qulLns. It was nece^aThowever, to fix the 
unit of his two series, which he did by calculating that the 
height at which the atmospheric pressure is exactly half that 
at the earth*s sur£EU^ must be about 3^ miles. That is to 
say, although the atmosphere may extend to the height of 
45 miles, yet its hvoer half is so compressed as to occupy 
only 3^ miles, so greatly do the upper portions expand when 
relieved from pressure. 

1. • 1.x i? f ^i milesj 7 miles, lOi miles^ 14 miles, &c. 
height 01 ^ 

the elasticity of the ) ^ ,., ,,. , ,, . 

atmoBpherek H> '*^ **^ ^'^ *^ 

Hailey was induced, by certain mathematical considera- 
tions, to fix upon the number 62,170 as a constant multi- 
pher, and the rule for the measurement of heighta may be 
stated as follows : — Observe the height of the bar(»neter at 
the earth's surface, and then at the top of the mountain, or 
other elevated station ; take the logarithms of those num- 
bers, and subtract the smaller from the greater ; multiply 
the difference by .62,170, and the result is the height in 
£nglish feet. This process gives a very near approximation, 
especially in temperate dimates. 

But the progress of science soon rendered it evident that 
a correction for temperature was necessary in barometrical 
measurements, and a formula haa been contrived to meet 
most of the difficulties of the question. The following rule 
will be found of easy appKcation : — ^Multiply the difference 
of the logarithms of the two heights by the barometer, by 
63,946 ; the result is the elevation in English feet Then» 
in order to correct for temperature, take the mean of the 
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temperature at the two elevations; if that be 69 •68*' Fahr., 
no correction is necessary; if above that quantity, add 
-5-|^th to the whole height found for each degree above 
69*68®; if below, subtract the same quantity. For example : 
Humboldt found that at the level of the sea, near the foot 
of Chimborazo, the barometer stood at exactly 30 inches, 
labile at the summit of the mountain it was only 14-85. The 
logarithm of 30 is 14771213, and the logarithm of 1485 is 
1-1717237 ; then subtracting 

1-4771213 
M717237 



0-3053976 



Multiply this by 63,946, which produces 19,539 for the ele- 
vation in feet. If the mean temperature of the two stations 
were 69*68°, no correction is necessary for temperature. This 
is a tolerably close approximation ; the most careful calcu- 
lation has given 19,332 for the real height, and this was 
probably estimated for a lower temperature. 

A method has been given by Leslie for measuring heights 
without the use of logarithms. His rule is as follows : — 
Note the exact barometric pressure at the base and at the 
Bimimit of the elevation, and then make the following pro- 
portion : — Ab the sum of the two pressures is to their dif- 
ference, so is the constant niunber 52,000 feet to the answer 
required in feet. Suppose for example the two pressures 
were 29 -48 and 26-36 ; then 

As 29-48 -h 26-36 : 29-48 — 26-36 : : 52,000 feet : 2,905-4 
feet^ the answer required. 

This rule has been found applicable to the mean tem* 
perature of our climate for all heights under 5,000 feet, and 
is therefore availaUe for all the elevations in Britain. The 
barometer should be ^mished with a vernier, for reading off 
hundredths of an inch (24), as a difference of -^th of an inch 
will indicate from 88 to 100 or 110 feet> according to the 

K 
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deiuity or pgc ae ui ft. Of ooorae the resalte are not peffDcth 
but odIj' afyroTiiniitively tnieL 

57. Fig. 29 oontains a wade of the most lemazbhie 
heig^bte and depths^ CMnparod with the probable bei^t of 
the atmosphere. Hie horizontal lines show the heights to 
which a barometer most be carried to make the mevcmr 
sink to the nnmber of inches indicated in the riglit^liaiMi 
column. ThoB, supposing the piessme at the sea-level to be 
equivalent to 30 inches of mercury, at the hdght of two 
mOes (as shown on the left-hand scale) the pressure -will be 
reduced to about 20 inches (as seen bj the right-hand scale), 
showing that at this height the barometer is relieved of 
-|rd of the ordinary pressure, or, in other words, that -ird of 
the whole mass of air is situated below this leyel. It "will be 
seen also that at five miles (which is about the height of the 
highest peaks of the Andes and Himalaya) the pressure is 
ouly equivalent to 11 inches;' and at 5^ miles to about 
10 inches ; so that only |rd of the atmosphere (as regards 
quantity) is situated above that leveL The lines marked 
10 and 20 inches, therefore, divide the whole atmosphere 
into three layers, containing equal quantities of air ; and, by 
the same reasoning, it will appear that all the horizontal 
lines in the figure divide it into 30 layers of equal mass, ao 
that their extreme inequality' of space will give a oorrect 
idea of the enormous compression of the lower strata by the 
weight of the upper ; the upper 30th part, for iastance^ 
occupying more space than all the remaining |f th& The 
plane which divides the atmosphere into two equal halves 
(or which is marked 15 inches in our figure) will be ob- 
served to be at the height of about 3^ miles, or 18,000 feet 
Humboldt and Bonpland ascended on the side of Chimborazo 
a little above this level ; and in balloons the barometer has 
sunk sometimes to 12 inches, showing that the aeronauts had 
risen above -f ths of the atmosphere. 

By implying a pair of compasses to the right-hand scale, it 
will be found that the distance from the 30 to the 15 inck 
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level is the same as from the 20 to the 10 inch, from, the 10 
to the 5f from the 2 to the 1, from the 4 to the 2, or fit>m 
any other number to its half or double. So also the distance 
between any nmnber and its triple is the same as between 
any other number and its triple ; and the same is true of any 
other multiple : the distance between 30 and 6, for instanoe, 
is equal to that between 20 and 4, between 15 and 3, or 
5 and 1. Now, this is the property of a logcnrUkmic scale 
(such as that engrayed on the carpenter's sliding rule), viz., 
that numbers having equal ratios are found at equal distances 
apart ; just as in a table of logarithms, any pairs of natural 
numbers that have equal rcUioa are found opposite to pairs of 
logarithms that have equal differences, so that nnmbers in 
geometrical progression have their logarithms in arithmetical 
progression. 

This law, then, that the elasticity of the air diminisbes 
upwards in a geometrical progression, for heights that 
increase in arithmetical progression ; or that the pressures at 
different heights vary as the numbers of which those heists 
are the logarithms^ is the foundation of the method of mea- 
suring heights by the barometer. This law, although pre- 
served at the greatest accessible heights, cannot remain true 
throughout the atmosphere, because in such case it oonld 
have no limit, for there would be no height at which the 
pressure could be reduced absolutely to 0, so that air in an 
inconceivably rarefied state would extend even to the moon 
and the planets, which is certainly not the case ; and inde^ 
various reasons lead to the conclusion that it ceases alto- 
gether under the height of 100, and, in all probability, under 
50 miles.* Even at 20 miles, it must be rarer tlian the 

* Calculations founded on the doration and appearances of twiUgki (a 
phenomenon dne entirely to the atmosphere) give for its height Talves 
Tarying from 45 to 90 miles. No certain condnsion can, therefore, he 
drawn from these ; bnt by a different calculation, depending on a more 
careful collation of the obserrations made on the Andes and in balloons 
respecting the upward decrease of temperature and pressure, M. Biot hu 
been led to infer that the elasticity and density become at a height not 
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vctcfWiJmi produced hj the best air-pump, and at 5 miles pro- 
bably too thin to support animal life. 

58. In addition to the atrial currents of varying degrees 
of intensity, which constitute all the varieties of wind, there 
are other movements carried on conjointly with the former, 
not less important to us^ and even more wonderful. These 
are the vibratory motions by which sound is propagated ; and 
there is something very astonishing in the precision and dis- 
tinctive character of these atrial pulses. Amidst the multi- 
plicity of sounds which fill the air, there is no difficulty in 
naming the source of each. The ringing of bells, the hum of 
insects, the song of birds, the lowing of cattle, the rattle of 
cart-wheels, the roar of the cataract, and the rolling of 
thunder ; all these and a thousand other sounds are, as it 
were, daguerreotyped in the air, and represent to us their 
source with characteristic distinctness. They do not confuse 
or bewilder us, for although apparently mingled together, we 
can separate them and attend to any one ; we can lay that 
down and attend to another ; and what is perhaps of far 
greater consequence, we can recognize our friends and 
acquaintances by the sounds of their voices alone, for no two 
friends have the same voice, any more than the same coun- 
tenance. And then how wonderful is the power we possess 
of dbuiping air into w(Mrds, by which we express our thoughts, 
our wants, our instructions, our promises, our affections to 
others, by which we regulate the actions and influence 
the judgment of others. All this is very wonderful, and 
science can take us a very little way indeed in explaining 
the U'wbre or characteristic qualities of different sounds. We 
have also no means of measuring the different intensities of 
sounds. We have numerous instruments for measuring the 
effects of heat, electricity, atmospheric pressure and vapour ; 

exceeding 30 miles. Other pbilosophera calculate the height at from 40 
to 50 miles. The phenomena of twilight may also he accounted for 
without supposing so ^reat a height as 45 miles ; which is therefore more 
probably above than below the truth. 

k2 
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but 'we have no Sonometer for measnring the inteiuatj of 
soimd, because we do not know what effect of sound can be 
taken as the true measure of its intensiiy. A fdniilar 
objection applies to Photometers, or light^mecuv/rera. 

The conditions neoessaiy to the production and propa- 
gation of sound were noticed in a former treatise.* A^ hoAj 
in a state of stable equilibrium is disturbed therefrom bj 
a certain impulse. It should here be remarked, that me- 
chanicians distinguish two kinds of equiUbrium, staUe and 
u7i8tabU,i' Both alike are produced by the marked neu- 
tralization of different forces, but with this difference — ^that i£ 
a bodj in unstable equilibrium be moved ever so little, so as 
to leave a portion of force unbalanced, this force will urge 
the bodj further and further from its original podticMi, and 
it will not rest until it has found a new position of equifi- 
brium. But a body in stable equilibrium not only tends to 
preserve its position unaltered, but to return thereto when 
disturbed within certain limits, because the force thus 
brought into activity does not tend to drive it feiiher, but 
to bring it back to its former position. But the momentum 
thus acquired will not allow it to stop here. It will (if we 
disregard all loss of momentum by its transference to other 
bodies) proceed as &r beyond the position of equilibrium as 
it was disturbed therefrom at first, and will thus continue to 
vihroUe or oscillate through an equal space on each side of the 
position of equilibrium. And it would do so for ever, were 
it not for the action of what are called retarding foree» or 
reeistanceSy such as friction, renetanee of the air, &c. ; or, in 
other words, the motion is shared among gradually increas- 
ing quantities of matter until its intensity becomes inap- 
preciably smalL 

69, The vibrations or oscillations thus produced are 
usually communicated to the surrounding air, which com- 
municates corresponding vibrations to the ear, which recog- 

* lotrodnction to Natural Philotophj, tecip 15» 43, 44. 
t See Rndimentaiy Mechanics, seca. 16 to 21. 
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nizes them as sound, provided they be very rapid. The 
modes of vibration are very different in different bodies. 
We have already seen how a bell vibrates ;* let us now in- 
quire into the modes of vibration of a string stretched 
tightly between two fixed points, A, B, Fig. 30. On draw- 
ing the string aside with the finger, as in the guitar and 
harp, or with a bow, as in the violin, or with a hammer, as 

Fig. 30. 
C 




in the piano, the force employed converts the right line a b 
into a curved one, A a B. Now, it is obvious that the line 
A a B is longer than A B, and the string, in order to occupy 
the longer path, must have its fibres or particles separated 
or strained somewhat further apart. The moment the dis- 
turbing force ceases to act, the string, by its elasticity, re- 
covers its position a b, but the momentum it has acquired 
carries it almost as flEir on the other side of A B as the original 
displacement, namely, to xh b. The friction of the air and 
the fixed points A b diminish the momentum of the string, 
iO that on the rebound it reaches only to A c B, thence to 
AdB, the oscillations still go on, diminishing to A e B, to 
a/b, and, finally, to a state of rest. 

The motion of any one point in this string is seldom 
merely backwards and forwards in a straight line, or even 
in an eUipse, but more fre- 
quently it describes such Fig. 31. 
curves as that shown at c, 
Eig. 30, or those in Fig. 31, 
indicating actions of ex- 
treme complexity, arising 
£'om the various unknown 
n.olecular forces of the sohd. 

* Introduction to the Study of Natural Philosophy, sec. 15. 
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60. Now, it must "be remarked, that whether these Tibrm- 
tions be large or small they are performed in equal timea, 
because the &rther the string is removed from the pootikMi 
of rest the greater is the elastic tension, and conseqnentlj 
the greater the momentum and velocity with which it re- 
turns to its original position ; and these two tlemexiia, tiie 
extent of the displacement and the rapdity of the return, 
are found to increase in exactly the same ratio^ a law whi<^ 
applies also to the oscillation of the pendulum. 

Every passage of the string over the line of rest a b^ 
Fig. 30, is called a vibraiionf and the mode of compariiig 
two or more velocities of vibration is to choose some small 
unit of time, such as a second, and to calculate the number 
of vibrations which occur in such unit. 

61. During every vibration of a sounding body the air 
participates in its motions, and conveys to the ear a wave <^ 
sound. We have endeavoured to represent in Fig. 32 what 



takes place in the air during the ringing of a helL Every 
vibration of the bell sends forth a circular wave whidi 
spreads in every direction. Now, as these vibratioiis aie 
isochranoua, or equal-timed, all the concentric eirolee an 
equidistant, like those which proceed from the place where a 
stone has been dropped into water. Such waves spreading 
through the air, and therefore breaking upon the ear at 
eqwd intervals, constitute a muaical note. In a fwim, or un- 
musical sound, the waves follow each other like those of the 
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sea, with no regularity either in their intervals or their in- 
tensities. The more regular they may be, the more clear 
or musical is the sound. The wayes of sound are of course 
not circles but sphei^ not spreading in one plane only, but 
upwards, downwards, and on every side. 

It is further necessary, to constitute a musical note, that 
the waves succeed each other at least sixteen times in a 
second, otherwise they will be each heard separately, consti-* 
tuting a ratde. But when they are just too rapid to be dis- 
tinguished separately, they form a very low musical note ; 
and the more rapid the higher will be the note. A shrill 
whistle is due to several thousand 'vibrations in a second. 

62. Now, let us suppose the number of vibrations of a 
certain string to be 100 in a second. On shortening the 
string we increase the number of vibrations per second m. 
the very same ratio (inversely) ; so that it will, if shortened 
exactly one-half, have its vibrations exactly doubled : it will 
vibrate 200 times in a second, and this will yield a note 
exactly an octme higher than the former one.**^ 

63. But i^ instead of varying the length of the string, we 
vary the tension or force with which it is stretched, we get 
different results, for the rapidity of vibration is found to be 
increased as the square root of the tension. Let the string 
be arranged as in Fig. 33, where one end is fixed securely by 
a peg; the string then 

passes over a wedge a, and a ^^* ^^' 

pulley 6, and is stretched by ^"^ A 

a weight, the effective vi- 
brating length of the string 
being that situated between 
the two points of support. Let us suppose the string to 
vibrate 100 tunes in a second. Now, in order to make the 

* By doubling the thickness of a cylindrical string, we obtain four 
times the bulk or mass, and we get the number of vibrations doubled in 
the tame space of time. In order, therefore, to study the effect of length 
only, we must have strings of the same thickness. 
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vibrations twice as rapid, we most increase the weight yotm 
times : to make them three times more rapid, the weight unbI 
be increased the sqnare of three, or time times, and 89 on. 
The same arrangement will also prove the fbndamental &et. 
that below a certain rapidity of vibration no soond is |»o- 
dnced 1^ the stretching wei^t be very small, the vihrationa 
will be sofficioitiy slow for the eye to fi>llow than, and if 
the nnmber be less than 16 in a second^ no soond will be 
heard. 

64. The reader may be surprised at the nnmber of vibra- 
tions made by these strings in a second, and may wish to 
know by what means these high nnmbers are ascertained. 
We will endeavour to inform him ; but first it is neceasary 
to remark, that the same note produced on any mnflocal in- 
fltrnment is due to the same nnmber d vibrations per 
seoond. Thus the tenor c, which is produced by a string 
vibrating 256 times in a second, as in a piano, is also pro- 
duced in the flute by a column of air vibrating the same 
nnmber of times per second, and also in the hnman voice by 
two chords (called the ehordee voeales) contained in the upper 
part of the windpipe, also vibrating the same nnmber of 
times per second. And however different the quality of 
these notes, as given by different instruments, may be, they 
all agree in pkch, and this is determined by rapidity of vi« 
bration. 

65. There are various methods of determining the num- 
ber of vibrations per second required for the production of 
any note. An ingenious little instrumenty called the Syren, 
has been invented for this purpose. It is represented in 
Fig. 34, in which a is a cylindrical chamber of brass. In 
the instrument used by the writer, this chamber is 3 inches 
in diameter, and \\ inch high. A pipe b^ 3^ inches long, 
screws into an orifice in the lower part of this chamber, and 
fits the tube of a double pair of bellows, or other machine 
capable of supplying an equable blast of air. The upper 
Burfisuse of the air-chamber, which is called the table, is 
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pierced with 25 equidistant holes Fig. 34. 

arraxtged in a circle. A disc c, about 

1^ inch in diameter, containing the 

same number of holes as in the 

table, and coinciding with them, is 

supported by a vertical axis^, having 

one bearing below the top of the 

chamber a, and the other in the 

box B. The disc c is so placed as 

just to turn freely withont touching 

the table, and the holes through it 

are bored in a sloping direction, as 

shown in Pig. 35, while those in the 
fixed table slope the contrary way, 
80 as to deliver the wind in the di- 
rections shown by the arrows, and 
thus turn the disc after the manner 
of a sm<^e-jack. 

The vertical axis d is furnished at its 
upper extremity, where it enters the box 
B, with a perpetual screw, which gives 
motion to a wheel furnished with 100 
teeth, and its axle bears one of the hands of the dial shown 
in front of the box. A single cog on this axle also acts on 
another wheel of 40 teeth, turning the other index, which 
acx)ordingly moves over one of the 40 divisions of its dial for 
every complete revolution of the former index, which revolu- 
tion corresponds to 100 revolutions of the disc e. Now, it is 
obvious, that during each turn of this disc, the currents of air 
through it are cut off and reopened 25 times. The circle of 
holes, both in the disc and in the fixed table, being equidis- 
tant) they are all opened and all closed simidtaneously, like 
the apertures of a revolving ventilator; and the hands and 
dials afford an exact register of the number of these openings 
and shuttings up to 25 x 100 x 40 = 100,000. The 
wheels are fixed to the front plate only of the box e, and this 



Fig. 35. 



108 THE STBEH. 

plate can be shifted through a smaU space mdewiae, m as 
to throw the wheels out of gear in a moment. 

When this instrument is placed in connection with a 
double bellows, the stream of air enters the chamber, where 
it undergoes a slight condensation : it escapes rapidly through 
the holes in the table, forming a series of oblique jets which 
set the disc in motion with a rapidity depending on the 
strength of these currents; and as the air is strongly pro- 
pelled when the apertures of the table and of the disc coin- 
cide, and is suddenly arrested between each coincidence, it 
follows that each of these alternations agitates the somnind- 
ing atmosphere, so that each revolution of the disc prodnees 
25 waves of sound. These waves originate simultaneoiisiy 
from each of the 25 holes ; for if either the fixed or the 
moving plate had only one hole (the other having 25)y it is 
evident that the blast would flow and be arrested the same 
number of times, and would therefore produce the same noU, 
but with less intensity. The use of having 25 hoks in each 
plate is simply to strengthen the note without ohun^ng its 
pitch, on the same principle that the three strings given to 
each note of a grand pianoforte, without making the pitch of 
the notes differ from that of a smgle-stringed harpsichord, 
improve the power and quality. By regulating the force of 
the blasts and consequently the speed of rotation of the disc, 
soimds may be produced from the gravest to the most acute. 
Let us suppose that^ by mealis of this instrument, we wish to 
ascertain the number of vibrations necessary to the produc- 
tion of a note yielded by an organ-pipe. For this purpose 
the pipe is screwed into the VLpper table of the bellows which 
supplies air to the syren. The action of the bellows will 
cause this pipe to sound, and its pitch, as will be explained 
presently, will not be altered whether the blast be moderate 
or strong. In the eyren, howev^, the disc will rotate slowly 
or rapidly in proportion to the strength of the blast, and the 
resulting note is acute in proportion to the rapidity of rota- 
tion. It will be easy to regulate the blast so as to make the 
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syren yield a note strictly unisonant with that of the organ- 
pipe ; and we know that notes in unison of the same pitch 
are due to the same number of waves or vibrations per 
second. Now, as the dial-plates of the syren indicate the 
number of waves generated during the time the wheels are 
kept in gear, it is obvious that this number, divided by the 
number of seconds during which they were so kept, will give 
the ninnber of vibrations per second for the note under con- 
sideration. A pendidum beating seconds must therefore be 
at hand. 

A moderate degree of practice in the use of this instru- 
ment will enable the observer to determine the absolute 
number of vibrations per second necessary to the production 
of any given note without a greater error than one vibration 
in five seconds. Such observation may be prolonged during 
several minutes, and thus any small error arising from irre- 
gularities in the mechanism will scarcely appear in the result. 

The syren may be set in action by the flow of air or gas 
from a gasometer, or by means of a strea^m of water. When 
plunged entirely in water, it will yield the same tones as in 
air, a circumstance which suggested to the inventor the 
name of this instrument. 

Yaiiations in the number, the form, and the size of the 
apertures of the rotating disc produce corresponding varia- 
tions in the qwjMJty of the Resulting notes; the jMck or 
rapidity of vibration may remain the same, but the quality 
or tvffJbrt may be very different. This is occasioned by some 
ill-understood connection between the molecular constitution 
of bodies and the sounds which they emit, whereby we are 
able to call things by their right names from their sounds. 
It is a most obscure and difficult subject, and the variations 
in timbre in the syren do not serve to enlighten it. If the 
spaces between the apertures in the rotating disc be very 
small, the tones approach in character to those of the human 
voice ; if the spaces be large, the tones resemble those of a 
trumpet. A number of experiments with the syren seems to 

L 
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show that the extreme limits of the htunan voice in males 
vary from 384 to 1266 vibrations per seoond, and in females 
from 1152 to 3240. The highest note in music is about the 
14:th c* (five octaves above the middle c of the pianoforte), 
and this is due to 8,192 vibrations per second ; but much 
higher tones can still be heard. Savart has produced tones 
due to 48,000' vibrations per second. 

66, Let us now inquire frirther into the relation between 
musical pitch and the rapidity of vibration. It has been 
already stated (62), that whenever two notes differ by an 
0€t(we, the upper is due to two vibrations for every one vibra- 
tion of the lower note ; and as 8,192 vibrations per seoond 
produce the note called c, it follows that the next c below 
this contains 4,096, the next 2,048, the next 1,024, then 
512, 256, 128, 64, 32, and 16 vibrations per second, the hist 
number being generally conl^dered the lowest note in music, 
and is also c, being nine octaves below that first mentioned. 

67. It would thus appear that in any series of notes taken 
at equal intervals, or in arithmetical progression (according 
to the musical notation), the vibrations really increase or 
diminish in geometrical progression ; for that which the mu- 
sician calls equal intervals or differences of pitch, 'actually indi- 
cates equal ratios between the times of the vibrations. - But 
although this is true not only of the intervals called octaves, 
but also of those called thirds, fourths, fifihs, &c. (if perfect), 
yet it is not true of those called single Umes; for, if we inter- 
polate six geometrical means between any note and its 
octave, these will not be the six intermediate notes used in 
music. The reason for this is as follows : — 

We have said (61) that, to constitute a musical note, the 
waves or pulses of air must recur in a regtdofr manner. They 
need not be all equal in intensity or at equal intervals^ but 
their whole cycle of changes (if any) must occupy a very 
short fraction of a second, and recur in exactly equal period& 

* So called from its number of ▼ibrations per second, being the 14th 
power of 2, or 2'^ >- 8,192. All other powers of 2 also gi^e the note c. 
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Now^ ^when two notes are heard together, they cannot form 
a compound sound, fulfilling this condition, unless their 
times of vibration bear a simple numerical ratio to each 
other, so 83 to have a short common multiple which forms 
the cycle of changes above mentioned, and must not be 
longer than -^th of a second. Accordingly, all the intervals 
called ha/rnumic arise from some very simple ratio between 
the vibrations, as, for instance, the octove already mentioned ; 
\k^^ fifths when 2 vibrations of one note exactly correspond to 
3 of the other ; the Mrd, when 4 vibrations correspond to 5 ; 
the fowrth, when they are as 3 is to 4, &c. But two vibra- 
tions which are incommensurable, or have no common multi- 
ple (or a very long one), produce by their combination such 
a total irregularity, however regular they may each be sepa- 
rately, that the compound loses all musical character, and 
becomes a mere noise. 

Hence we see that it is the object of the musician to fix 
on such notes as may afibrd, among themselves, the greatest 
number of simple commensurable ratios. This object would 
be entirely defeated by a geometrical progression (that is, by 
dividing each octave into equal intervals), for no geometrical 
means that can be inserted between any number and its 
double will be commensurable with those numbers, or 
with each other; so that all notes thus chosen must be 
discordant. 

But the required object is best attained by inserting 
between a note and its octave, or double vibration, six other 
notes which are respectively due to \\, \\, Ij, 1^, 1^, and H 
more vibrations per second than the lower note, which is 
called c, or Do, while the others represent the remaining 
notes of the gamut, namely, 

D E F G A 6. 

Re Mi Fa Sol La SI 

Hence, supposing that whatever be the number of vibrations 
per second necessary to produce the note c, we agree to 
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represent it by unity or 1, then the numbers niecesBarj to 
prodnoe the other seven notes of the octave above will be ma 
follows : — 

» = f K = i» ' = 1» » = f, A = i, B = V, c = 2. 

It will be observed, that the seven intervals or tones are 
by no means equal, for these nombers do not form a geome- 
trical progression. Thus the ratio between c and J> is that 
of 8 : 9, while that between d and e is rather less, namely; 
as 9 : 10 ; the next, or that between e and F, is only as 
15 : 16 ; the next, or that between F and o, as 8 : 9 ; that 
between o and a, as 9 : 10 ; that between A and B, as 8 : 9 ; 
and the last, or that between b and c, is only as 15 : 16. 
Thus we see that the intervals between e and f, and between 
B and G, hardly exceed the half of each of the other intervals 
Hence the reason that these two intervals do not» like the 
others, admit of subdivision iiito semi-tones. 

68. A very remarkable proof of the vibratory nature of 
sound is heard when two notes very nearly, but not quite 
unisonant^ are sounded together. A periodical intermption 
of the sound called a beat, occurs at intervals, which axe 
longer the nearer the two notes approach to perfect identity, 
and may often be as long as half a second or more. To 
imderstand this, we must remember that each pulse or 
vibration of air consists of tux> contrary motions to and Jro. 
Now, if one source of sound tend to produce the forward 
motion exactly when the other source would excite a back- 
ward motion, and vice versd, the two, if equal, will annihilate 
each other, and two sounds unU produce silence. But with 
two notes, very slightly differing in pitch, this must occur at 
certain regular periods, between which the contrary effect 
takes place, and the two vibrations coincide so as to reinforce 
each other. The effect is precisely similar to that which is 
seen when two very regular sets of parallel lines, one having 
rather wider spaces than the other, are superposed. Thu8» 
two iron gratings or railings, Fig. 36, which, though reaUy 
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Fig. 36. 
IlllliifiiJlllllllllllMIMIIIIIIllillllliiillli 



■ rr»iiBinnnnnn'v-a««aav0niifinnnnni«BaBrvvfiiiiirnnnniii«« 



of equal intervals) are made to appear slightly different from 

the effect of perspective, produce the appearance of broad 

heats, or alternations, in one of which the bars coincide and 

conceal each other, while in the next they fall into each 

other's intervals. Or to take a closer analogy from the 

sense of hearing instead of that of sight : if we listen to a 

train drawn by two locomotives whose driving wheels differ 

slightly in size, their beats are heard distinctly for a few 

seconds, they are then lost in confusion for a short time ; 

they are again heard distinctly, and again blended together 

alternately. Now, suppose any vibrating body to strike the 

air 100 times in a second and another 104 times in the 

same space, the latter will produce a sound about one-third 

of a tone sharper than the former ; the waves of sound will 

coincide and reinforce each other 4 times every second, and 

will oppose, and, if equal, will destroy each other 4 times in 

the same period, thus producing an audible beat about as 

rapid as that of a watch. 

69. In our introductory treatise on Natural Philosophy, 
we have shown the method by which the velocity of sound 
in air has been ascertained. At the temperature of 62^ 
sound travels at the rate of 1,125 feet per second. It has 
been stated (61), that when a given note is sounded in air, 
the sound is propagated in wtwes similar in character to 
those which may be so beautifully studied when the wind 
is blowing over a field of standing com. (See Fig. 37.) Now, 
when it is said that sound travels at the rate of 1,125 feet 
per second, it is not meant that the particles of air move 
through that distance any more than the ears of com travel 
from one end of the field to the other ; it is only the form of 
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ihe wave which so travels. It is the same with the 
of air ; their indiyidual moyement is confined ^thin narrow 
limits, but the effect <3i this movement is propagated firom 
particle to particle with the rapidity of 1,125 feet per 
second. As soon as the particles first disturbed have moved 
to such a distance as their elasticity will permit, they return 
to their former position, and acquire in so doing a momen- 
turn sufficient to carry them a certain distance in the oppo- 
site direction, and by this means an oscillating or vibratory 
movement is established. Each particle is disturbed a little 
later than the one preceding it, and thus the particles are in 
different states of motion, some moving onwards while others 
are moving backwards, the two sets being separated by par- 
ticles at rest, or in the act of imnwng from the completion of 
one movement to commence the next. Now these turning 
sets of particles are alternately more condensed and rarefiod 
than in their natural condition. (See Fig. 32.) Those 
which have just commenced their backward motion are rare- 
fied as the ears of com at b b b, Fig. 37, and those which are 

Fig. 37. 



beginning their forward motion are condensed as at c c a 

This has given rise to the term wofoe of sound, a wave 
being understood to include particles in all the various states 
of vibration, each wave being exactly similar to all the others 
for any given note. ThiQ length of a wa/oe is the distance 
between any two particles which are in precisely the same 
stage of vibration. It matters not whether we measure it 
from the most foruxvrd to the most forward set of particles, 
or from the most haekwofrd to the most backward set ; or 
from one place of greatest ra/r^action to the next, or from 
one place of greatest condeMoiion to the next ; just as it is a 
matter of indifference, in estimating the length of a wave of 
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^water, whether it he taken from one ehvation to the next, or ^ 
from one depression to the next. 

'Waves of water do not all travel with the same speed, 
their speed heing proportional to the square root of their 
length, so that, the slower or less frequent the oscillation, 
the faster does it travel ; those of the ocean, for instance, 
travel &8ter than those of the English Channel, and these 
than the waves of a river. 

Waves of air, however, whatever their frequency, all 

travel with the uniform speed of ahout 1,100 feet in a 

second. Hence, when we know their fr^uency, or how 

many of them arrive at and pass a fixed point in a given time 

(such as a second), we may at once find their length, which 

is 1,100 feet divided hy their number per second. Thus, 

the G above the tenor c is produced by 512 vibrations per 

second ; 512 waves fsJl on the ear in that time, during which 

each would travel 1,100 feet, so that this distance contains 

512 waves, each of which must accordingly occupy about 

2 feet 1 inch. Consequently, every time this note is 

sounded on cmy instrument, the air which conveys this note 

to our ears is thrown into waves, each of which measures 

about 2 feet. All the innumerable particles of air between 

us and the instrument form a series of little pendulums, the 

amplitude of whose oscillations depends on the loudness of 

the sound, and is, in all cases, very minute ; but the distance 

from each particle to the next, which is in precisely the 

same part of its oscillation as from c to c or r to B, Fig. 37, 

depends entirely on the pitch, and is, in this case, about 

2 feet. In the same way we find the waves of the gravest 

note to* be about G4 feet long, and those of very shrill sounds 

to be less than an inch.* 

* A very curious effect of sound when the obseirer is in rapid motion 
was brought before the notice of the British Association in 1848, by 
Mr. Scott Russell. He found that the sound of a whistle on an engine, 
stationary on a railway, was heard by a passenger, travelling in a train in 
rapid motion, to give a different note, in a different key from that in 
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70. When waves of soond meet any fixed sor&oe tolermblr 
smooth, they are reflected according to the Iblw of equal 
angles of incidence and reflexion.* In this way echoes are 
produced. Between two parallel snrfiu^es a loud soond is 
reflected backwards and forwards, and several echoes are 
andible. When the paraUel sor&ces are much nearer toge- 
ther, as the walls of a room, althoogh a larger nnmbex' of 
echoes are produced, yet they follow each other too rapidly 
to be distingmshed, and as they arrive at the ear Biker 
equal intervals, they produce a musical note, however un- 
musical the original noise may have been. Hence all tlie 
phenomena of reverberaUon. The pitch of the note depends 
solely on the distance of the two walls that produce it, and 
may be calculated therefinom. 

A noise may also produce a musical echo by being 
fleeted from a large number of equidistant sui&ces 
firom the ear, so that the soimd reflected from each snr&oe 
may arrive successively at equal intervals. Thus a shrill 
ringing will be heard on stamping near a long row of pali- 
sades. A fine instance of the same kind is said to occur on 
the steps of the great pyramid. If the distance from edge 

which it was heard hy the person standing beside it. The same remark 
applies to all sounds. The passenger in rapid motion hears them in a 
different key, whidi might be either louder or higher in pitch than the 
tme or stationary soond. Now, as the pitdi of a musical sound is deter- 
mined by the nnmber of vibrations which reach die ear in a second of 
time, if an obserrer in a railway train move at the rate of 56 miles an hoar 
towards a sounding body, he will meet a greater number of undulations 
in a second of time than if he were at rest, in the proportion which his 
velocity bears to die velocity of sound. But, if he moveyrom the soond- 
ing body, he will be overtaken by a smaller number in that proportion. 
In the former case he will hear the sound a semitone higher, and in the 
latter a semitone lower than the observer at rest. In die case of two 
trains meeting at this velocity, the one containing the sounding body and 
the other the observer, the effect is doubled in amount. Before the 
trains meet the sound is heard two semitones too high, and, after they 
pass, two semitones too low, being a difference of a mi^or third. 
* See Introduction to Natural Philosophy, sees. 35 and 45. 
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to edge of each step were two feet one incli, the note yielded 
would be the tenor 0, because each echo having to go and 
Fetam, would be four feet two inches later than the previoua 
one, which is the length of the waves of that note. But as 
the steps gradually diminish in size upwards, the echo, if pro- 
duced and heard at the bottom, must gradually rise in pitch. 

These facta explain the principle of those wind-instruments 
in which there is no vibrating solid. The vibrating body is 
not the pipe, but the air contained in it. An agitation pro- 
duced in the air at one end of the pipe is communicated to 
the other end, and reflected backwards and forwards from 
end to end, producing isochronous (or equal-timed) impulses, 
the frequency of which depends entirely on the length of the 
pipe. Hence all organ-pipes of the same length yield the 
same note as to pitch, its quality only being affected by the' 
form or material of the pipe. It will thus be at once per- 
ceived that the lowest C (the ,waves of which are 64 feet 
long) requires a pipe of 32 feet to produce it ; and that all 
notes, from this to the shrillest whistle, are easily calculated, 
by dividing 550 feet by the length of the pipe. 

71. Some very remarkable effects of sound are produced 
in the phenomena of sympathetic vibration, numerous in- 
stances of which must be familiar to the reader. If a flute be 
sounded in the same room with a piano, the notes of the flute 
will cause some of the wires to vibrate. The waves of sound 
set in motion by the flute produce motion in those very wires 
which yield the same notes as are being played. If the voice 
be pitched to the same note as that yielded by a glass goblet, 
the former will set the latter ringing. And to take a still 
more remarkable instance, if two pendulum clocks standing 
against the same wall be both wound up, and one set going 
while the other is at rest, the small vibrating impulses of the 
going clock will gradually communicate motion to the pen- 
dulum at rest, and in the course of some hours the latter will 
be found in full swing. 
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72. It will be seen from the foregoing survey, tbat the 
atmosphere, like a vast and complicated machine, has a 
yariely of movements, the result of omniscient design. Some 
of the latest and most valoable discoveries respecting the 
motions of the aerial currents beautifully illustrate a passage 
in Scripture : '' The wind goeth towards the south, and 
tumeth about unto the north ; it whirleth about continuaUj, 
and the wind retumeth again according to his drcuita** * 
Amidst all the mutations of science, it is cheering to the 
student to notice, that no sooner is a natural law brought to 
light, and feirly established, than we immediately perceive 
its harmony with sacred truth. Whatever discrepancies may 
seem at present to exist, arise from the imperfection of oor 
knowledge of natural laws^ and will, as science advances, gra- 
dually be cleared away. 

* Eccles. i. 6. 
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ON THE ANEMOMETER.'!' 

It is a matter of considerable importance to mechanical 
science to be able to determine the velodtj or force of the 
wind. Its direction is indicated bj that ancient instrument, 
the weathercock, which consists of a vane of thin metal (for- 
merly made in the shape of a cock, whence the name), and 
an arrow, turning freely at the upper extremity of a fixed 
vertical rod, the vane being on one side and the arrow on 
the other, so that the vane takes a position in the direction 
of the wind, and the arrow points to the quarter from which 
it blows. The first instrument invented for the purpose of 
measuring the force of the wind seems to have been by 
Dr. Croune, in 1667 ; but this did not answer the purpose 
intended. Better instruments were invented by Wolfius 
and other scientific men during the last century; but as their 
most valuable features have been preserved in modem in- 
struments, it is not necessary to notice them here, further 
than to state, that in most of these contrivances the velocity 
of the wind was measured by its mechanical effects. The 
compression of a spiral spring, the elevation of a weight 
round a centre acting at the arm of a variable lever, were the 
chief means employed to balance, and consequently to mea- 
sure, the force of the wind. The spring, however, which, 

* From aviyLOQ, the wind, and fifTpov^ a measure. We are indebted 
for this essay chiefly to the work entitled ** The Tempest,'' already re- 
ferred to at p. 83. 
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from its sunplidtj, has been commoDlj used, is liable to tlus 
objection, that it diminishes in elasticity bj fr^nent com- 
pression, and thus the scale bj which its force is asoertaiDed 
must be constantly yarying. To remedy this defect, there 
has sometimes been substituted for the spring a bag of ur 
communicating with a glass tube in the form of a lengthened 
TJ, containing a liquid, which is depressed in one leg and 
raised in the other in proportion to the compression of the 
air in the bag, thus affording a measure of the compressmg 
force. Leslie's anemometer depended on the principle, that 
the cooling power of a stream of air is equal to its velocity. 
Another instrument depended on the evaporation of water, 
the quantity evaporated in a given time being proportional 
to the velocity of the wind. The raising of a column of fluid 
above the general level of its sur&oe is the principle of 
Dr. land's anemometer, Fig. 38. It consists 
of two glass tubes, about 9 inches long and Fig. 38. 
•^ths of an inch in diameter, connected at 
their lower extremities by another tube of 
glass only -^th of an inch in diameter. To 
the upper extremity of one tube is fitted a 
thin metal cap, bent at right angles, so that 
its mouth may receive the current of air in 
a horizontal direction. Water is poured in 
at the mouth till the tubes are nearly half 
full, and a scale of inches and parts of an 
inch is placed between the tubes. When the 
wind blows in at the mouth of the cf^, the 
column of water is depressed in the tube 
below the cap, and elevated to a similar 
extent in the other tube, so that the dis- 
tance between the sur&ces of the fluid in 
each tube is the length of a column of 
water, the weight of which is equal to the force of the wind 
upon a surfiice equal to the base of the column of fluid. The 
object of the small tube which connects the two larger ones 
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is to prevent the oscillation of the fluid by irregular blasts of 
wind. The absolute velocity of the wind is deduced from the 
height of the column of water, or it may be ascertained from 
the tables constructed for the purpose. Thus, according to 
I>r. Lind, a column of water 0-025 inch, or a fortieth of an 
inch high, exerts a pressure of rather more than 2 ounces 
1 drachm upon a square foot of surfekce, and balances the effect 
of a gentle wind moving at the rate of about 5^ feet in a 
second, or not quite 4 miles an hour. When the column of 
water is one inch high, the force of the wind on a square 
foot is nearly 5^ lbs., its velocity 32^ miles an hour, and its 
character a high wind. When the column marks 3 inches, 
the force is upwards of 15^ lbs. on the square foot, the velo- 
city above 56\ miles per hour, and the character a storm. 
At 9 inches the force on the square foot is stated to be 
46 lbs. 14 oz., the velocity 97^ miles an hour, producing a 
most violent hurricane. Thus it will be observed that in 
the greatest storms the difference between the atmospheric 
pressures on the windward and leeward sides of any object 
does not amount to -^th of the pressure of the leeward 
side, for that is capable of supporting a column of about 
33 feet of water. 

Of late years the most conmion forms of anemometer 
are those by Dr. Whewell and Mr. Osier. The general 
arrangement of WhewelFs anemometer will be understood 
from Fig. 39, in which it will be seen, that, by means of a 
vane, a windmill fly is constantly presented to the wind 
in whatever direction it may blow, and the fly of course 
revolves with greater or less rapidity, according to the 
velocity of the current. An intermediate train of wheels, 
set in motion by the fly, causes a pencil to descend OTcr 
a flxed cylinder, leaving thereon a trace of variable length, 
according as the wind is more or less strong. 10,000 revo- 
lutions of the fly cause the pencil to descend only -^th, of an 
inch. The surface of the fixed cylinder is japanned white, 
and is divided into 16 or 32 'equal' paints by means of vertical 
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lines, tlie intervening 
spaces corresponding to 
16 or 32 points of die 
compass, and a mark left 
by the pencil open one 
or more of these spaces 
shows the direction of 
the wind. The pencil 
has two motions, the 
first from above down- 
wards, and this increaaes 
in rapidity as tho wind 
blows more strongly, and 
by the extent of its de- 
prraaion registers the 
whole amount of wind 
that has been blowing. 
The second motion de- 
pends on the changes in 
the direction of the 
wind, and the pencil 
and its frame being car- 
ried round by the vane, the direction is registered by this 
cross movement. In this arrangement, therefore, the vane, 
the windmill fly, the intermediate tr>un of wheels, and 
the pencil, all obey the direction of the wind ; while the 
cylinder which marks the points of the compass remains 
fixed, so that the pencil, in descending and moving about 
with the wind, thus traces an irregular line on the cylinder. 
If the fly revolve in the rample proportion of the velodty lA 
the wind, the length of line marked by the pencil is propor- 
tional to the space which would be described by a poitiele 
of WT in a given direction in a given time, such as one ilay. 
taking into account the strength of the wind and the time 
for which it blows. 

The line marked by the peiicil upon the cylinder is not ■ 
tangle line, bat a broad irregular path. This is occasioned 
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'by the wayering of the wind. The vane is in ahnost con- 
stant motion, swinging to and fro through an arc often not 
less than a quarter of a circle ; but the middle of the line 
^which gives the mean direction, can readily be ascertained, 
^while the length of the line is in proportion to the product 
of the velocity of the wind and the length of time during 
^which it blows in each direction, which product is called its 
imtegral force. 

The amount of friction in this machine is very consider* 
able^ arising from perpetual screws working in toothed 
wheels, for the purpose of converting the rapid motion of 
the fly into a slow, descending, vertical motion, again 
carried out by a thread turning within a moveable wxt. 
There is also the friction of the pencil, attached to this 
nut, pressing with sufficient force to leave a trace on the 
fixed cylinder. Hence, when the force of the wind is small, 
the fly would experience a greater amount of comparative 
retardation than with strong gales. 

Osier's anemometer traces the direction of the wind and 
its pressure on a given area, together with the amount of 
rain, on a register divided into 24 portions, corresponding 
to the 24 hours of the day. A portion of one of these 
register-papers is shown. Fig. 40, the central part of which 
is marked with a series of lines corresponding to the cardinal 
points of the compass. This is for indicating the direction 
of the wind. The upper portion of the paper registers the 
pressure, and is graduated by a series of lines corresponding 
to the pressure in pounds on the square foot. The lower 
portion of the paper registers the quantity of rain. The 
whole length of the paper is divided for the hours of the 
day into 24 parts, by lines crossing the former at right 
angles. A new register-paper is placed on a board, and 
accurately set every day, and the board is carried along by 
means of a clock mechanism, behind three pencils, a, b, c, 
which may be considered as the Angers or indexes of the 
machine. The board, which is placed upright, a3 in the 
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friction -rollers, 
and is thus 
moved along as 
tbe time ad- 
vances. 

The pencil b 
is the iades of 
direction. The 
method by 
which the in- 
strument is 
turned, so as to 
ohey the direc- 
tion of the wind, 
wiU be seen in 
Fig. 41. A set 
of vanes or sails 
revolve verti- 
cally in a plane 
at right angles 
to that of the 

pressure-pkite p, and drive a cog-wheel, which, hy rolling on 
a fixed cogged circle, turns all the rest of the appanttns 
round, till the vanes are presented edgewise to the current, so 
as not to be turned by it either way, when the preasare^kte 
being at right angles to the vanes, is acted on witb iull efiect. 
As the vanes torn in the direction of the wind, a spiral worm 
on the shaft, near its lower end, raises or lowers the nut y, 
Rg. 40, which does not turn round, and from which hangs 
the arm carrying the middle pencil k, which thus traces a 
nuu-k on one ot the long line^ of the register, if the wind be 
blowing towards one of the cardinal points, or a mark be- 
tween these lines, if it be blowing from intennediBta points, 
such as N.N.W., N.W., Ac, which may bo represented by 
fidnter lines parallel with the others. 
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The method by which the pressnre-plate p, Fig. 41, b 
alva3rB made to face the wind, has been already described. 
This plate is sus- 
pended by means of Kg. 41. 
four dezible springs 
each of which ia dou- 
ble, and couaista of 
a delicate ^ring, to 
be acted on by gentle 
winds, and & stronger 
one to receive die 
pressure oC violent 
winds. By this means 
currents of only one 
mile an hour are mea- 
sured, and the pres- 
sure of the wind in 
violent gales is also 
recorded. The motion 
of the plate ia com- 
municated to the re- 
pster below by a wire 
connected with the 
bell.crank c, with another wire descending through the 
hollow upright shaft, and kept stretched by a spiral spring. 
To this wire is attached the upper pencil c, Fig. 40, which 
thus descends lower the more the pressure-plate P is pushed 
back, and returns to the top of the paper when the pressure 
ceases. The distance to which the pencil is thus depressed, 
represents by means of a scale of parallel lines, shown in 
Fig. 40, the pressure of the wind in pounds on the area of 
one square foot, or its velonty in miles per hour. 

The pencil a registers the rain in a amilar manner. The 
rain, after foiling into the vessel d on the roof, flows into a, 
one of the two divisions of a gauge balanced on an axis, and 
Bupport«d by a second balance. As the water accnmulatei^ 




126 DIRECTION, DURATION, AND FORCE OF THE WIND. 

this second balance begins to descend, and so nuses tbe up- 
right rod to which the lever f A is attached. This lever f a 
carries the pencil which by this action is raised, showing 
upon the lowest set of parallel lines the quantity of water 
collected in the gauge. When this quantity becomes equal 
to a certain depth of rain, or to a certain number of cubic 
inches on a foot square, the small gauge oyersets, the wrater 
is discharged, and the other compartment H of the gauge is 
brought under the pipe. The pencil then returns to its 
first position at the bottom of the paper, and begins to rise 
on the scale as the rain is collected. In a trace of this Idnd 
it will be seen that, the more rapidly the rain iaHa, the 
sharper will be the angles formed by the trace of the pencil ; 
but if the rain be slow and gradual, the elevating or diagonal 
lines will be drawn out into a considerable length ; and 
when no rain Mis, a horizontal line will be drawn, as shown 
in Fig. 40, from VI. to J after VIII., and from X |^ to L 

It will be seen, then, from this arrangement, that as the 
register is constantly and hourly moved along behind the 
three pencils, a continued record or trace of the direction 
and pressure of the wind, together with the amount of rain, 
is left on the paper. Figs. 40 and 41 are intended to 
convey a general idea of Mr. Osler^s arrangement in the 
Boyal Exchange, London, where the register-paper is made 
to last a week. When the author visited the Meteorological 
Observatory at Greenwich a few years ago, he noticed that 
the register was placed horizontally on a table, and, being on 
a larger scale, it was changed every day. 

By means of such an instrument we ascertain the direc' 
tion, the ciuraUon, and the force of the wind. It is neoessaiy, 
however, for the purposes of science, that the integral of the 
wind be deduced from each point of the compass ; that is, to 
ascertain the entire quantity of wind which has blown from 
each point during a given period. Now if the force of the 
wind were constant, the integral would be obtained by multi- 
plying the length of time that the wind is blowing by the 
velocity with which it moves. 
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The integral of the wind, or the total quantity as mea- 
sured by its intensity and duration jointly, may be thus 
illustrated. If the intensity or force of one wind be to that 
of another as 2 to 3, and if the former wind last 6 hours 
and the latter only 2, the integral of the former is double 
that of the latter, for it has blown twice as much air over 
the place ; for supposing the second wind to be opposite to 
the iirst, it must blow for 4 hours before it will carry back 
all the air which the first had blown over. The integral, 
therefore, is proportional to the product of the mean in- 
tensity or velocity, and the duration multiplied together. 

In a similar manner the area of a rectangle is propor- 
tional to its length and breadth taken jointly. Now if we 
have such a figure, whose length represents the dn/rcUion of 
the wind, while its breadth represents the force or vdooUyy 
as this force is constantly varying, the breadth of the figure 
must also vary, in order that its area may still represent the 
integral of the wind correctly. It is the object of Osier's 
anemometer to describe such a figure. In Whewell's instru- 
ment, on the contrary, the integral is represented simply by 
the depth which the pencil descends. In this instrument no 
attempt is made to record the time during which each wind 
blows, the tvmea of its chomgea, or its force at any given 
moment, but merely the order of its changes of direction, and 
the integral or entire quantity that blows &om each point, 
or rather from each rhumb or division of 11^ or 22 1^ This 
is shown by the length of pencil-trace described in each vertical 
division of the cylinder measured vertically, not following 
the windings of the track. These windings must be neg- 
lected as far as they are confined to one rhumb or division, 
the centre of which corresponds to one of the 16 or 32 points 
of the compass. All winds^ therefore, not deviating more 
than 5i° from any one of these points, if 32 be used, or llj® 
if 16 be used,, are regarded as blowing exactly from that 
point. This is a defect common to all anemometers now 
in use, but by increasing the number of subdivisions, the 
results will be more accurate. 
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Having obtained, bj means of 
Whewell's instroment, the inte* 
gnils or lengths of line described 
by the pencil in each division 
during a certain period, we may 
lay down these lengths, or pro- 
portionate ones, in their proper 
order and direction, so as to form 
a continued crooked Une, which ^'' 
expresses all the quantities and 
changes of the wind, and is called 
the type of the wind for that par- 
ticular place and period. Fig. 42 
represents the type of all the wind 
that blew over Plymouth during the month of August and 
part of September, 1 843. Such a line may be regarded as the 
path that would have been described by a vessel drifting 
upon a still lake during that period, provided it moved with 
a speed always bearing a constant ratio to that of the wind. 
If the two ends of this line be joined by a straight line, this 
will show the direction of the resnUarU or average effect of 
all i^e winds felt at Plymouth during that period, which 
in this case is N. 23° K, or about equivalent to a S.S.W. 
wind. This average direction is not the prevailing direction 
of the wind, or that in which it most conmionly blows ; for 
the prevailing winds may be very gentle, and the greater 
force of those from the opposite quarter may more than 
compensate for their shorter duration, so that the average 
direction as regards the integral, or time and intensity taken 
jointly, may be very different, or even opposite to the average 
direction, if time alone be considered. In this country, how- 
ever, both these averages have nearly the same direction ; the 
latter, or time average, being equivalent to a wind blowing 
from some point between 8. and W. ; and the former, or true 
average, though apparently very variable when the resultants 
of different months or seasons are compared, yet in the type 
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of a whole year, its general direction is found invariably to 
Tim northward, and mostly eastward from the starting- 
point. In the present state of the inquiry there is some 
<liscrepancy between the results obtained by different instru- 
xuents ; Whewell's placing the mean direction for three years 
nearer N. than E., while Osier's makes it nearer E. than N. 
The latter is more likely to be correct, because in Whewell's 
instrument the velocity of the windmill-fly does not bear a 
constant ratio to that of the wind, but is more than propor- 
tionately faster in a quick than in a slow wind, so that the 
distance which the pencil descends being proportional to the 
revolutions of the fly, cannot correctly represent integrals of 
wind ; that is to say, the spaces through which it descends 
daring two successive periods do not necessarily bear the 
same ratio to each other as do the quantities of wind that 
have passed over the instrument during those two periods. 
This objection is surmount-ed in Osier's instrument, which is 
driven by a dock, and merely directed: or regulated by the 
wind. 

But if Osier's instrument is more correct than Whewell's^ 
it is more difficult to represent the results in the useful form 
above described. If the instrument be in perfect order, the 
upper trace made on the paper by the pencil c, Fig. 40, should, 
be such that its ordinates* are proportional to the velocity of 
the wind ; that is, the ordinates at any two different moments 
should bear the same ratio to each other as did the velocities 
of the wind at those two moments. In this case the total 
amount of wind passing over the instrument during dif- 
ferent periods, will be proportional to the areas of the por- 
tions of curve traced during these periods ; that is to say, the 
spaces contained between the curve, the base-line, and the 
two ordinates at the beginning and end of each period. It 
is only by measuring and comparing these areas, that we can 

* The ordinate of any point of the curve, is its least, or perpendicular 
distance from the axis, or base line, which in this case is the top of the 
paper. 
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obtaiii the proportion of the integraLsi of wind during different 
periods of time. 

To lay down a type of the wind similar to Fig. 42, we 
must divide the periods in such a manner, that during 
each period the direction of the wind may have been 
constant or confined within certain limits, such as two 
rhumhs or 22^°, or one rhimib, 11^". For this purpose, that 
part of the register-paper which registers direction must be 
divided by 16 or 32 longitudinal lines, so that when the 
vane points to any one of the 16 or 32 principal points of 
the horizon, the pencil b may rest midway between two of 
these lines. We must then note all the points where the 
pencil-track intersects these lines, and from every such inter- 
section raise a perpendicular to the top of the paper ; these 
perpendiculars will evidently divide the upper curve, or that 
of force, into portions, each of which may be regarded as 
belonging to one wind only ; for during its description the 
wind did not deviate more than 5^^ (if we use 32 points^ or 
11^^, if we use only 16), on either side of a certain p<Miit. 
By ascertaining the areas of these different portions, and 
drawing lengths of line proportional to those areas, placing 
those lines in their proper directions and in their proper 
order, we may obtain a type of the wind more correctly than 
by the method before described. 

The integrals of the wind have hitherto been referred to 
only as relative quantities, admitting of comparison only 
with each other. They have, however, absolute values easily 
comparable with our common standards or measures. If a 
pressure-plate, acting on a spring, as in Osier s anemometer, 
be fixed to an extremity of a long beam, or some machine by 
which it could be moved through the air with any required 
velocity between 1 mile and 50 miles an hour, it matters not 
whether the path be strai^t or circular, provided the plate 
always fiice the direction in which it moves. If the air be 
still, the effect on the plate is the same as if it were at rest, 
and received a wind of a known velocity upon its sur&oe. 
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By this means it can be discovered what velocity of wind is 
required to produce any amount of compression on the spring, 
such as may be obtained by placing weights of known value 
on the pressure>plate. In this way a scale of the velocities 
or force of the wind may be constructed by the different 
degrees of compression of the spring, or a fusee or snail - 
shaped pulley, the radii of which vary in such a manner that 
when it is pulled round by a cord from the pressure-plate, a 
circular pulley, fixed on the same axis with it, may move 
through equal spaces for equal differences in the wind's 
velocity ; so that a cord wound round this second pulley may 
pull the registering pencil c, Eig. 40, to such distances from 
the bottom of the paper as shall always bear the same ratio, 
and that a known ratio to the wind's velocity. Some such 
contrivance is necessary before the integrals can be measured 
by means of the areas of the curve. Suppose that the pencil 
is one inch from the top of the paper when the wind blows at 
the rate of 10 miles an hour j two inches when it is blowing 
at 20 imles an hour, and so on ; and that when the paper is 
moved, or allowed to move forward by the driving weight of 
the clock at the rate of one inch an hour ; then every square 
inch of surface included between the curve of force and the 
top of the paper denotes that 10 lineal miles of air have 
blown over the instrument ; so that, by measuring the area 
of any portion of this surface included between any two ordi- 
nates, we find the absolute integral in miles, or the number of 
miles of air that have passed over during the period in which 
that portion of the curve was traced. In this way absolute 
values in imles may be assigned to all the lines which compose 
any type of the wind ; and on measuring by the scale thus 
obtained the length of the resultant or line joining the two 
ends of the type, we obtain not only the direction, but 
also the extent in miles of the entire movement of air pro- 
duced by the combined effect of all the winds that have 
blown during the period for which the type was constructed. 
By this means it was ascertained that the resultant of all the 
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winds that blew over Greenwicli during the year 1841 was 
equivalent to the passage of 47,900 miles of air toward? 
K 28"" 3(y N. In 1842 the direction of the resultant was 
E. 27'' K, and its length 36,750 miles. By dividing these 
numbers by the number of hours in a year, the total effect 
of the wind in 1841 is found to be equivalent to a constant 
current towards K 28° 30' N., at the rate of 5*4 miles an 
hour ; and in 1842 towards K 27° N., at the rate of 4 2 
miles an hour ; or in other words, as if there had blown 
during those two years a constant wind from W.S.W. ^ S. 
at 4f miles an hour. 

But the average velocity of the . winds at Greenwich 
during the former year was 18'7, and during the latter 18-3 
miles an hour ; for the whole integrals of wind for those 
years, as shown by the length of their type-line, measured 
along all its windings, was in 1841, no less than 167,322 
miles, and in 1842, 159,950 miles ; showing that the whole 
movement of the air in this country is about four times as 
great as its resultant or effective movement. The more 
variable the wind may be at any place, the smaller the pro- 
portion of it that will be effective ; and if these observations 
could be made on the open ocean within the range of the 
constant trade-winds, the type would probably (when not 
interrupted by a hurricane) be a straight line, and the num- 
bers expressing the total and resultant integrab of wind 
would be equal 

The direction or length of the resultant for any given 
period may be obtained more simply than by laying down 
such a type as Eig. 42 ; for as the lines in whatever order 
they may be placed will eventually lead to the same point, 
the figure may be simplified by collecting and summing up 
all the integrals that belong to the same wind or point of 
the compass, or that fidl within the same angle of 11^° or 
22^°, but the smaller the angle the better ; and then draw- 
ing lines proportionate to the 16 or 32 sums thus obtained, 
which lines placed in any order, but in their proper direc- 
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tions> will give the same resultant as if the whole type were 
drawn. But as some of the lines thus drawn are parallel to 
others, it is not neoessarj to draw more than half of them, 
subtracting from each one that which is parallel to it. So 
that whatever number of points be used, the number of 
their integrals can always 
be reduced (me-half, by sub- 
tracting each non-effective 
wind, or each one that is 
less than its opposite, from 
that opposite, the re* 
mainder being alone re- 
tained. Thus, Eig. 43 con- 
tains all the effective lines 
of Eig. 42 treated in this 
manner, and gives the same 
direction and length of re- 
sultant ; by which means 
much labour is saved. 

Some observers prefer 
finding the resultant, di- 
rection, and length, by tri- 
gonometrical calculation, instead of by construction; but 
in such case, in order to abridge their labour, they not 
only reduce the number of operations one half in the 
way above mentioned (which introduces no error), but 
attempt to reduce their number stiU lower, in some cases to 
the four cardinal points only, by methods which are more 
easy than accurate. For instance, they add together the 
integrals of all the points between N.E. and N.W., with half 
of the N.E. and N.W. integrals, and call the sum north. 
In the same way half the sum of the N.E. and S.E. integrals, 
together with the whole sum of those for the intermediate 
points, is tak^i as the east integral This is erroneous, for it 
is evident that, imless the integrals of the winds, thus added 
together, be symmetrically equal, two and two on each side 

N 
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of the cardinal point, their mean direction cannot coincide 
with that point ; and in ereiy case their sum must be 
greater than their resultant, and therefore the -vaLoe thus 
obtained must always be too large ; and if ever correct in 
direction, it can only be so by a chance compensation of op- 
posite errors. 

The trae resultant may, however, be found by calculation ; 
and the method of doing so is by no means tedious or diffi- 
cult. The sum of the integral forces of each effective wind, 
that is to say, the difference of the sums for every pair of 
opposite winds^ must, except when it is directed towards a 
cardinal point, be resolved into two distinct forces, together 
equivalent to itself, but directed towards the two nearest 
cardinal points. This will be effected by multiplying it se- 
parately by two of the following seven constant numbers, 
which are all that will be required^ for treating in this way, 
the forces for 32 points : 

For a point next a cardinal point 0*98078 and 0' 19509 

For the second from do 0*92388 ,, 0*38268 

For the third from do 0*83147 „ 0*55557 

For a sub-cardinal point (as S.W.). . . . 0*70711 

In the latter case only one multiplier is used, because the 
two resolved forces are equal In the other cases the larger 
resolved force thus found is directed to the nearest cardinal 
point. 

All the forces being thus reduced to equivalent ones, either 
parallel or perpendicular to the meridian, all the former 
must be collected together, that is to say, all the northward 
and all the southward forces must be separately summed up, 
and the smaller of these sums, in this countty generally the 
southward, subtracted from the larger, the remainder being 
the whole effective meridional noovement of air over the 
place, and during the time, in which the register was kept. 
In the same manner must the eastward and westward forces 
be collected, and their diffiarenoe will represent the whole 
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e£Eective movement cbcroaa the meridian, which in this coun- 
try is. generally eastward. 

This process might of course be greatly abridged by the 
use of logarithms; but to render it intelligible to every 
reader we will give an example, worked out by the simplest 
rules of arithmetic. 

The total amount of wind blowing over Devonport, during 
1842, from each of the 16 principal points (or within \\\ 
degrees of it), was found to be as follows : — ^ 

Miles. MUea. Miles. MUes. 

From N... 6,829 E... 7,427 S... 17,000 W. 8,599 

N.N.E. 4,289 E.S.E. 4,144 S.S.W. 7,437 W.N.W. 12,788 

N.E. 7,482 S.E. 11,488 S.W. 16,586 N.W. 28,400 

E.N.E. 2,448 S.S.E. 11,500 W.S.W. 6,156 N.NW. 7,377 

We first get rid of half these numbers, by subtrax^ting 
them from their opposites, thus : — 

Miles. Miles. 

From S 17,000 From S.S.W 7,437 



it 



II 



i» 



Take N 6,829 



Take N.N.E. . . 



s. ... 

From W . . . . 
Take E. ... 


... 10,171 

. . . 8,599 
... 7,427 

... 1,172 


o.S.W^. . . 

FromW.N.W... 
Take E.-8.E. .. 

From W.S.W. 
Take E.N.E... 

W.S.W... 

From S.S.E. .. , 
Take N.N.W... 

O.O.ifi. . . 


.. 3,148 

.. 12,788 
.. 4,144 


W. ... 


. . 8,644 


From S.W..... 
Take N.E 


. .. 16,586 
... 7,482 

... 9,104 

... 28,400 
. .. 11,488 


.. 6,156 
.. 2,448 


S.W^. . • • 

From N.W 

Take S.E. . . . 


.. 3,708 

.. 11,500 
.. 7,377 


N.W.... 


... 16,912 


.. 4,123 



4,289 



Of these remainders, or effective forces, two being in the 
directiooQi of cardinal points (S. and W.), require no further 
resolution. The others must be resolved by applying some 
of the constant multipliers given above, only three of which 
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will^ however, be required, because in this case tbe winds 
were only distinguished into 16 classes instead of 32, 
thus : — 



808 S. 
205 W. 



S.S.W. 3,148 j J^«l«Plied by 0-92388 gives 2.1 
* { the same x by 0*38268 s= 1, 

QW Q lAi J X by 0-70711 - 6,438 8. 

o.w. »,1U4| X by the same =- 6,438 W. 

«r o Jr o iTAQ j X 0-92388 = 3,426 W. 

w.a.w. 6,7 w I ^ 0-38268 = 1,419 S. 

WNW 8 644 "" ^*^^^® ** 7,986 W. 

w.xN.w. »,o*4 I ^ 0-38268 « 3,308 N. 

N W 16 912 i "" 0-70711 = 11,959 W. 

JN.w. io,yi^| X by the same = 11,959 N. 

c c T? 4 lo^ i X 0-92388 « 3,809 S. 

&.&.£,. 4,1ZJ I ^ 0-38268 = 1,578 E. 

Collecting all the forces that are parallel, therefore, we 
find : — 

Northward fOTces. SoutbwBrd foreet* 

10,171 3,308 

2.808 11,959 

6,438 

1,419 Som 15,267 

3.809 



SnmN. 24,645 
„ S. 15,267 



Difference 9,378 which is the whole northward movement, in 
— — miles. 

Eutward forces. Westward force. 

1,172 1,578 

1,205 
6,438 
3,426 
7,986 
11,959 



Sum £. 32,186 
„ W. 1,578 



Difference 30,608 which is the whole eastward movement, m 

■ milei. 

Hence the whole resultant movement is found, bj a 
single triangle, either drawn or calculated, to be towards 
£. 17^ 2' N., and its extent 32,012 miles, or equivalent to a 
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constant wind during the whole year from 17^ south of west, 
at the rate of 3f miles An hour. 

For further information on this subject, we must refer 
to other works, and especially to Sir W. Snow Harris's 
report to the Britiish Association in 1844, on the working 
of Whewell's and Osier's anemometers at Plymouth in 
the years 1841, 1842, and 1843. In the Association 
Report (vol. xx.) is a notice of the registers for Mr. Osier's 
new integrating anemometer. A sheet of plain paper, placed 
in the instrument under a registering-pencil, is moved 
forward by rotating hemispherical fans, at the rate of one 
inch for every two miles of air that passes : this same pencil, 
having a lateral motion given to it by a vane, records the 
point of the compass from which the wind blows ; and a 
clock hammer descending every hour stnkes its mark on 
the margin of the paper' to express the time. Thus in a 
single line are given, 1st, the length of the current ; 2ndly, 
the direction of the ciurent ; 3rdly, the time occupied in 
passing a given station marked hourly, or at any shorter 
interval that may be desired. 



Note.— On the Air-Pump Gauge.* 

The amoant of rarefaction in the receiver of an air-pump is measured 
by the barometer gauge. This consists (A) of a column of mercury, 
pressed up through a long tube by the force of the external air, acting against 
the diminishing resistance (as shown in Fig. 7, p. 21), or (B) of an already 
existing mercurial column, similar to the barometer, which, being placed 
in connection with the receiver to be exhausted, will gradually fall as the 
air is withdrawn. In the thort barometer gauge this column is only 10 
or 12 inches high, so that it does not begin to act until the air in the 
receiver is exhausted to the point at which it will support that height of 
mercury. 

1. To obtain the altitude of the column sustained by the air in the 
receiver, subtract the height of the gaage (A) from the height of a 



* Abridged from an M.S. communication to the author, by Sir W. 
Snow Harris. 
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Standard barometCT at the time ; or take the altitude of the eofauBO (B), as 
ahown above the cistern. , 

2. To obtain the density, dasticitj, or qoantitj of air lelt m the 
recdver, divide the height of the mercorial colomnin the gauge bj the 
standard barometric altitude at the time. 

3. To obtain the proportional qnantitj abstmcted from the i c cti i e r , 
divide the gauge indication by the standard barometric altitnde at tkc 
time* 

4. To obtain the degree of exhanstioni or times of rarefactioiiy 
the standard barometric altitude by the column sustained by the 



Gang* Indi- 
cations, 
being Ele- 
vation of A 
or Descent 
oTB. 


Colamn 
sustained 

by the 
Air in the 
Receiver. 


Elastic 
Force of 
Air in the 
Receiver. 


Ratio Of fudi- 

cation of 
Gangetothe 
^andiupd Bm- 


1 Ratio of Co- 

Imnn sustained 
to the Baro- 
metric altitode 
at SO inches, or 
Quantity in 
Receiver. 


Degnmaf • 
Kxha^**ifm 


rometer at 30 
ins., or qaan^ 
tttjr abstracted. 


RaicfiactioBi. 


Inches. 


Inches. 
90 


lbs. 





1 =15 







39 


14*6 


vV 


If 


« = I •* 




S8 


14 


A = A 


« = « 


If = X #7 


K 


S5 


18-5 


A= i 


«= 1 


H c= i-s 


19 


90 


10 


*«= i 


^^ i 


» * 1» 


16 


15 


7-6 


«= 4 


«= 4 


«= « 


SO 


10 


5 


«= 1 


iS= i 


«= » 


S5 


5 


S-5 


«= f 


A= \ 


V= 6 



80 



I 



And so on up to the never attained limit, 
I I «= 1 I *= 



I V = « 



N.B. — If the barometer be more or less than 30 inches, rabstitate the 
quantity indicated for 30 and alter theliracla«M acoordingly* 



THE END. 
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JuU FvMishedf by the same Author, 
A SECOND EDITION 

or TBS 

INTRODUCTION TO THE STUDY 

Ol' 

NATUBAL PHILOSOPHY, 

FOR THE USE OF BEGINNERS. 



"This little Book is the first of a series of scientific treatises, which 
promise well. Mr. Tomlinson's ' Introduction to Natural Philosophy ' 
is broad and general, taking a summary review of the leading principles of 
those sciences, which are afterwards to be more fully expounded. Al- 
though dealing with striking examples in Natural Philosophy, the facts 
are made subservient to the principles they illustrate, and are used, not 
for themselves, but the laws they establish. Astronomy, and its geo- 
metrical proofs, the properties of matter, optics, sound, and other 
branches of natural philosophy, are exhibited in one or more remarkable 
examples of profound and conclusive discovery by man, of the laws of 
nature, illustrated, where needful, by diagrams. Although designed for 
popular circulation, and to stimulate the popular mind, there is no evasion 
of difficulties in Mr. Tomlinson's Introduction. Having done an author's 
part in making the exposition as plain as he can, he calls upon the reader 
to do his, and give attention to the task. The book is remarkably cheap, 
looking at its kind ; and such, we suppose will be the character of the 
^etie&J'^Spectator, Sept. 23, 1848. 

" Mr. Tomlinson's Natural Philosophy is a very masterly performance ; 
exact, lucid, and (beyond most works of the same class) interesting. It 
has its * Preface,' too ; but one which is, happily, of the same grain with 
the work, and contains a piece of advice to ' the reader * of so just and 
sensible a character, and of such general application to the readers of all 
scientific works, that we beg to indorse it with our heartiest concurrence. 

"* But if scientific men are disposed to prepare popular treatises, and 
intelligent publishers to issue them, at a price sufficient to bring them 
within the reach of every one, it is not too much to expect the co-opera- 
tion of the reader in carrying out so praiseworthy an object. The reader 
must be prepared to bestow a higher effort of mind in the perusal of the 
work than is required for the appreciation of a romance, or even of a 
treatise on popular science^ as this term is often understood. He must be 
prepared to study the work, and not merely to glance over its pages. If 
he find it difiicult on a first perusal, let him give it a second, or a third, 
and we may venture to assure him that his labour will not be misapplied.' " 
— Mechanics* Magazinef Dec. 9, 1848. 



Natural Fhilosofht — cotUinued, 

** Carefully written, and amply iX\xiBtntdd.**^Athetueum, I>ec. 30. 
1848. 

" Though there is no ' royal road * to science, yet it must be ocMifesKd 
that the paths which conduct the student to her temple, have been so v^ 
macadamized, and so many finger-posts have been erected by the war, 
that none but the incompetent or the indolent need despair of arriTmg at its 
threshold. The volume before us, parva sed aptCf is one of these service- 
able finger-posts erected by one who is thoroughly familiar with the rosd. 
and competent to offer valuable advice and assistance to younger and 
feebler wayfieirers. ' To excite an interest in the study of principles by 
making facts and details subordinate to this higher tarn * was tiie ob}ec: 
proposed to himself by the author in preparing this treatise for pubficatioa; 
and we should think that object will be foimd to have been generallT 
accomplished with the most complete success. Taking the student by the 
hand, Mr. Tomlinson conducts him by a gradual ascent through all the 
stages of physical science, expounding the laws of nature in language dear, 
perspicuous, and intelligible to the most ordinary capacity, and offering at 
one compendious view, the accumulated but simplified results — tJie &cts 
and principles which have been established by the observations and expe- 
riments of generations of natural philosophers. As a class-book for 
schools, this work will be found of tiie utmost value, and the low price 
at which it is published is not the least among its recommendaticms to the 
favourable notice of the public. Mr. Tomlinson is, we believe, so well 
known in this neighbourhood, that his name upon tiie title-page will be 
accepted as a sufficient guarantee of the character of any sdentifio work he 
may put fovt\i.**^- Salisbury Journal, Dec. 1, 1849. 



By the same Author, 
A SECOND EDITION OP 

BUDIMENTABT MECHANICS, 

BBIMO A CONCISE EXPOSITION OF THE GENERAL PRINCIPLES OP 
MECHANICAL SCIENCE, AND THEIB APPLICATION. 



"The Rudiments 9( Mechanics is by the same able hand of whose execu- 
tion of the part devoted to Natural Philosophy we felt called upoa to 
speak in very high terms. The style of Mr. Tomlinson's lessons is 
altogether excellent, exact, and impressive, where prinoiples Sre to be 
enunciated ; copious, circumstantial, and yet clear, where the applicatioa 
of principles to practice has to be exemplified. * * * 'We are not 
aware of any other treatise on mechanics with the same quantity of 
matter, and with so many engravings, which is to be had at lo low a 
price.'' — Mechanic*' Magazine, Apnl 21, 1849. 
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^HE following very saperior Works, which ars eUboiataly 
illustrated by EDgravings, show, by educatioiial means, the 
correct mode of Instruction in Design for elementary purposes, 
and for practice in drawing aooniately, with elegance of style, 
in the Fine and Usefdl Arts. 

To the Trustees of Goyemment Schools of Design, Mechanic 
Institutes, Institutions of CIyU and Mechanical Engineers, and 
to Professional Men, the following list is especially addressed. 



I. 



COURS fiL^MENTAIRES DE LAVIS APPLIQUfi 

A L'ARCHITECTURE. Folio Yolume, oontaining 40 elaborately 
engraved plates, in Shadows and Colours, very finely executed by 
the best artists of France. Price 2L Paris, fiiQ/". 

II. 

COURS JBLISMENTAIRES DE LAVIS APPLIQUE 

A M^CANIQUE. Folio volume, oontaining 40 elaborately en- 
graved plates, in Shadows and Colours, very finely executed by 
the best artists of Fianee. Price 2L Paris, SQA 

in. 
COURS fiLllMENTAIRES DE LAVIS APPLIQUlg 

A ORNEMENTATION. Folio voliune, containhig 20 elaborately 
engraved plates, in Shadows and Colours, very finely executed by 
the best artists of Fiance. Price It. Paris. 2^- 

IV. 

Etudes progressives et completes 

D'ARCHITECTURft BT DE LAVIS. Par J. B. TRIPON. Large 
folio, 24 fine plates, comprising the orders of Architecture, 
Mouldings with Profiles, Ornaments, and Forms of their Propor^ 
tion. Art of Shadowing Doors, Balusters, Parterres, &o. Ac. Ac. 
Price 12. 4«. Paiis, SQ/l 

V. 

SPECIMENS FOR DRAWING. SHADOWING, 

AND ELABORATING THE EXTERIOR AND INTERIOR OF 
HOUSES, drawn on a iBoge scale in laige Atlas folio, consisting 
of Style Renaissance — Old French, Modem French, Italian, Vene- 
tian, English, and Parisian. 12 plates, very finely executed. 
Price 16«. Paris^ W- 
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